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% For Dry Eyes 


—- Tears Naturale is the only artificial 
— tear containing DUASORB®, a 
system of water soluble 
mucomimetic polymers with a 
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corneal surface and the tear film 
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helped by the Tears Naturale 
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` œ More potent than pilocarpine 
—. * Longer duration of action 
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"The Conservative Replacement 
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tains IOP, regain conservative con- 
trol with Isopto Carbachol 3%. 
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For Conservative Control 

of Diurnal Variation 
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keeps IOP down for a full 8 hours’. 
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morning hours. 
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[175 mm diameter lens blank... 





[ Beauty and optical superiority... 

O Easy patient adaptability... 
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... become patient benefits 


for happy wearers. 
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images. 
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ful field, distortion-free viewing. 





more patient comfort for close-up viewing. 





Seter visual acuity for intermediate-range viewing. 
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Tuition: $500.00 (Luncheons and Cocktail Party included) 


For application and further information, please write: 


Jane Stark, Registrar 

Post-Graduate Institute 

New York Eye and Ear Infirmary 

310 East Fourteenth Street 

New York, N.Y. 10003 Tel: (212) 673-3480 





This six-day intensive course is designed as a comprehensive 
x review of the basic subjects in ophthalmology and should be 
d especially helpful to those physicians preparing for the 
American Board Certification Examinations and those having 
t to fulfill requirements for continuing medical education. This 
a course qualifies for 48 credits in Category 1 for the AMA-CME 
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fungal disease of the cornea. conjunctiva and lids; acute purul 
untreated infections of the eye which, ike other diseases € O 
by microorganisms, may be masked or enhanced by the prese 
ol the steroid: individuals with knowm sensitivity to any of 
ingrediento ; ; 
PRECAUTIONS Extended use of tepical steroid therapy -— 
n 













cause increased intraocular pressure in certain individuals. 
longed therapy, it is advisable that intraocular pressure be che 
frequently. In those diseases causing thinning of the cornea. 
foration has been known to have occwrred with the use of to 












steroids. As with any antibacterial preparation, prolonged us 
result in overgrowth of non-susceptible organisms, includin 
If superinfection occurs, appropriate measures should be inst 
Sensitivity reactions may occur in certain individuals. If sig 
sensitivity develop, discontinue use 
The protracted use of topical corticosteroids in the eye repor 
has been rarely associated with the development of posterior 
capsular Cataracts. 
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sulfon anti-inflammatoryt/antibacterial 


in external eye infectionstt 


METIMYD 


brand of prednisolone acetate. USP 
and sulfacetamide sodium, USP 
OPHTHALMIC SUSPENSION-STERILE 
OPHTHALMIC OINTMENT-STERILE 


brand oí pue Bc | 
sodium sufacetamide, USP 
“OPHTHALMIC SOLUTION 30%-STERILE 
OPHTHALMIC SOLUTION 10%-STERILE 
OPHTHAL MIC OINTMENT 10%-STERILE 


"2! 


taue to susceptible pathogens 
TThis drug has been evaluated as 
‘possibly effective" for this indication. 


spyright © 1977 "5 Before prescribing. please see full product information, 
Sener no 'Corporstion. All rights reserved. ~ brief summaries of which appear on opposite page. 
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Send manuscripts by first-class mail to the Chief Editor, 
Frederick C. Blodi, MD, University of Iowa Hospitals and Clinics, 


Towa City, LA 52242. Manuscripts are received with the understand- 


ing that they are not under simultaneous consideration by another 
publieation. Accepted manuscripts become the permanent prop- 
erty of the ARCHIVES and may not be published elsewhere without 
permission from the publisher (AMA). 

In addition, in view of The Copyright Revision Act of 1976, effective 
Jan 1, 1978, transmittal letters to the editor should contain the 
following language: “In consideration of the American Medical Asso- 
ciation’s taking action in reviewing and editing my submission, the 


ES author(s) undersigned hereby transfers, assigns, or otherwise conveys 
all copyright ownership to the AMA in the event that such work is 


published by the AMA." We regret that transmittal letters not 
containing the foregoing language signed by all authors of the 
submission will necessitate delay in review of the manuscript. 


Author Responsibility.—All accepted manuscripts are subject to 
copy editing. The author will receive an edited typescript rather 
than galley proofs for approval. The author is responsible for all 
statements in his work, including changes made by the copy 
editor. 

Designate one author as correspondent and provide his address 
and telephone number. Order reprints at the time the typescript is 
returned after editorial processing. Specify address to which 
requests for reprints should be sent. 

Manuscript Preparation.—Submit an original typescript and two 
high-quality copies of the entire manuscript. All copy (including 
references, legends, and tables) must be typed double-spaced on 22 
x 28 em (8% x ll-inch), heavy-duty white bond paper. Ample 
margins should be provided. 

Refer to patients by number (or, in aneedotal reports, by 
fictitious given names). Real names or initials should not be used 
in the text, tables, or illustrations. 

Titles.—Titles should be short, specific, and clear. They should 
not exceed 42 characters per line, including punctuation and 
spaces, and be limited to two lines, if possible. The title page 
should include the full names and academic affiliations of all 
authors, the address to which requests for reprints should be sent, 
and, if the manuscript was presented at a meeting, the name of 
the organization, place, and date on which it was read. 

Style of Writing.—The style of writing should conform to accept- 
able English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 

Informed Consent.—Manuscripts reporting the results of experi- 
mental investigations of human subjects must include a statement 
to the effect that informed consent was obtained after the nature 
of the procedure(s) had been fully explained. 

Abstract.—Provide an abstract (135-word maximum) of the arti- 
cle, including statements of the problem, method of study, results, 
and conclusions. The abstract replaces the summary. 
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in Index Medicus), (4) volume number, (5) inclusive page numbers, 
and (6) year, in that order. References to books should include (1) 
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included when appropriate. The author is responsible for the 
accuracy and completeness of the references and for their correct 
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Metrication.— All measurements must be in metric units. English 
units may also be given parenthetically if the measurements were 
originally done in English units. 
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augment the text. Submit illustrations in duplicate, unmounted 
and untrimmed. Do not send original artwork. Send high-contrast 
glossy prints (not photocopies). Figure number, name of senior 
author, and arrow indicating "top" should be typed on a gummed 
label and affixed to the back of each illustration. All lettering must 
be legible after reduction to column size. Artwork submitted for 
publication may be relettered to achieve uniformity of lettering 
style throughout the journal. Magnifieation and stain should be 
provided when pertinent. Illustrations should preferably be in a 
proportion of 12.5 x 18 em (5 x 7 inches). 

An experienced medical illustrator should be employed when- 
ever possible for the preparation of all artwork. Template 
lettering or preset type is preferred to hand-lettered labels. If 
halftone artwork with labels is submitted, affix type and leaders 
to a clear acetate overlay registered to the base drawing. Labels 
and leaders should be applied directly to the drawing board sur- 
face if the artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuseript. The ARCHIVES will pay part of the expense of repro- 
duction and printing color illustrations, the remainder to be borne 
by the author or his sponsor. After deducting the ARCHIVES 
contribution, the author’s share is $275.00 for up te six square- 
finished illustrations that can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed to the 
author at cost. Positive color transparencies (35 mm preferred) 
must be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All transparencies 
should be carefully packed and sent with the manuscript. 

Legends.— Legends should be typed double-spaced, beginning on 
a separate sheet of paper. Length should be limited to a maximum 
of 40 words. 

Photographic Consents.—A letter of consent must accompany all 
photographs of patients in which a possibility of identification | 
exists. It is not sufficient to cover the eyes to mask identity. : 
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3 A STERILE GEL OF METHYLCELLULOSE 4000 cps 2.5% 


EM. 


(Ey Preservatives: Methylparaben and Propylparaben 


VALUABLE FOR BONDING 
OF GONIOSCOPIC PRISMS 
TO THE CORNEA 


e Simplifies gonioscopy in 
upright and recumbent 
positions 


e Reduces fluid spillage 


* Helps maintain a tight 
lens fit 


e Index of refraction 1.336 


rose 
Apply small amount of Gel to inner surface of Gonio lens. 
Available in 44 ounce ophthalmic tubes. 


121 Liberty Street * Quincy, Mass. 02169 
Area Code 617 + 479-2680 


* S MURO PHARMACAL LABORATORIES, INC. 
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Semi-Annual Cadaver Courses 


of the 


Y he New Bork Medical College-Westchester County Medical Center 





OCULOPLASTIC 
SURGICAL DISSECTION COURSE 
(40 HRS. CME & CAT I) 


November 1-4, 1978 


OBJECTIVES: 

An in depth symposium to provide the practicing 
and resident surgeon with an Oculoplastic Course 
featuring LIVE SURGERY VIDEO TAPES, FILMS, 
LECTURES AND PARTICIPANT'S CADAVER 
SURGERY. 


FACULTY: 

|. Baras, M. D. P. Guibor, M. D. 
L. Bergmann, M. D. S. Hecht. M. D. 
B. Cosman, M. D. L. Herman, Ph.D. 
N. Cousins, Esq. A. Messina, M. D. 
M. Dunn, M. D. C. Mullenix, M. D. 
D. Gaffin, Esq. H. Settles, Ph.D. 
H. Gould, M. D. D. Wolfley, M. D. 
M. Guibor, C. O. and others. 
SUBJECTS: 


Cosmetic Blepharoplasty, Blepharoptosis, Trauma 
Surgery, Lid Reconstruction, Lacrimal Surgery, Orbital 
Reconstruction, Entropion, Ectropion, Orbital 
Fractures and Orbital Tumors. 


VII NERVE 
SURGICAL DISSECTION COURSE 
(25 HRS. CME & CAT I) 


October 29-31, 1978 


OBJECTIVES: 

A unique and practical surgical course, 
presented by multiple disciplines, covering the 
management of FACIAL PALSY and FACIAL 
SPASM, featuring PARTICIPANT'S CADAVER 
SURGERY. 


FACULTY: 

L. Bergmann, M. D. M. May, M. D. 

J. Conley, M. D. S. Parisier M. D. 
M. Dunn, M. D. H. Settles, Ph.D. 
F. Gillen, M. D. J. Smith, M. D. 
P. Guibor, M. D. D. Wolfley, M. D. 
P. Janetta, M. D. D. Zorub, M. D. 


SUBJECTS: 

Facial Nerve Testing, Dynamic-Static Techniques, Lid 
Spring, Silicone Encircling, Facial Reconstruction, 
Direct Nerve Repair and Grafting, 12-7 Hook-up 
Animation, Neuromuscular Pedicle Transfer and Nerve 
Avulsion. 


i ntsdamadoEeRrwnnMOspcneoMEgpMdennneanedué$ebaniadennapdeunbpoSqQEembU DSSS IES SOLES AOR ec eme e edeéesewebbsedBoneCndneedcQésmpenesopéneeavenbdsonu mi wanabenmdbabateadenmwammutweeeoemomeme en ———- 


Clip and mail with registration fee: Ms. Paula Tamkin, Registrar 
c/o Dr. P. Guibor, 630 Park Avenue 
New York, N. Y. 10021 (212) 734-1010 


NOVEMBER 1-4, 1978 
OCULOPLASTIC REGISTRATION FORM 
Registration $500 


Name 
Address 
DE ol s. c State c has Ip 
) 








Telephone ( 





Specialty: Ophth—ENT—Plastic—Derm 
(circle one) 


Make check payable: N.Y. Medical College 
OCULOPLASTIC COURSE 





OCTOBER 29-31, 1978 
VII NERVE REGISTRATION FORM 
Registration $400 





Name 
Address 
Qi s eate 











ED -t 


Telephone ( ) 











Specialty: Ophth—ENT—Plastic—Neurosurgery ; . y! 
(circle one) 4 





Make check payable: N.Y. Medical College VII 
NERVE COURSE 
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In ocular measurement 


and IOL power determination. 





Consistent accuracy in axial measurement of ocular structures is yours with the 
clinically proven Sonometrics Digital Biometric Ruler, DBR-300. 
Comfortable examination of a seated patient is performed with no preparation 
and with repeatably accurate measurements. A mechanically pressure- 
controlled probe virtually eliminates globe distortion. Axial length is displayed 
clearly as both linear A-scan and digital readout on the same oscilloscope 
screen. Photography of displays is simple and instant. The compact, mobile 
DBR-300 is as easy to use as an applanation tonometer. Learn more. 


Send this coupon or call 
collect, (212) 765-8205 





DBR-300 oscilloscope presentation 
showing characteristic A-scan pattern 
alongthe visual axis and simultaneous 
reaaout of axial length in millimeters. 






See Us In... 

Kansas City, AAO +1107, 1108 
San Diego, ALUM +55, 56 
Chicago, RSNA = 2413 


DBR 
300 


DIGITAL 
BIOMETRIC 
RULER 


SONOMETRICS 


SYSTEMS, INC. 
16 West 61st Street 
N.Y.. N. Y. 10022 








NAME — 





HOSPITAL — 








ADDRESS — 
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HARVARD MEDICAL SCHOOL 


DEPARTMENT OF CONTINUING EDUCATION 


THE GREATER BOSTON 


OPHTHALMOLOGY COURSE 


BASIC SCIENCE AND CLINICAL REVIEW 
DECEMBER 2, 3 (Saturday, Sunday) and 
DECEMBER 8, 9, 10 (Friday, Saturday, Sunday) 


Area Code (617) 732-1525 
ANNOUNCES 


POSTGRADUATE 


AT THE 


Sherman Auditorium, Beth Israel Hospital, Boston, MA 


UNDER THE DIRECTION OF 
David Miller, M.D. and John Weiter, M.D. 


This five-day (forty-one hours, divided into two weekends) intensive continuing 
education course is designed to summarize the core and new information important to 
the recently trained and practicing ophthalmologist. 


Topics and Faculty included are: 


Optics and Refraction 


Contact Lenses 


Cornea and External Ocular Diseases 
Microbiology and Immunology 


Pathology 


Neuroanatomy and Neuro-ophthalmology 
Medical Ophthalmology, Retina, Vitreous I 
Medical Ophthalmology, Retina, Vitreous II 
Electrophysiology and Retinal Degenerations 


Glaucoma 


Pharmacology and Therapeutics 


Embryology 


Developmental Abnormalities 


Genetics 
Strabismus 


Ophthalmic Surgery, Anesthesia 
Lens Biochemistry 
Orbit, Lacrimal System, Plastics 


David Miller, M.D. 
George Garcia, M.D. 


Claes Dohlman, M.D. 
Mathea Allansmith, M.D. 


Daniel Albert, M.D. 


Simmons Lessell, M.D. 
John Weiter, M.D. 
Edward Ryan, M.D. 
Eliot Berson, M.D. 


Richard Simmons, M.D. 


Bernard Schwartz, M.D. 


William Boger, M.D. 


Richard Robb, M.D. 


Robert Petersen, M.D. 
Lloyd Wilcox, M.D. 


Thomas Hutchinson, M.D. 


Leo Chylack, M.D. 


Arthur Grove, M.D. 


As an institution accredited for continuing medical education, the Harvard Medical School certifies that 
this continuing medical education offering meets the criteria for approximately 41 credit hoyrs in 
Category I of the Physicians’ Recognition Award of the American Medical Association, provided it is used 
and completed as designed. 


Please make your check payable to HARVARD UNIVERSITY, and mail to: Associate “Dean, V 


Attendance Limited 


. Fee-$389( 


Department of Continuing Education, Harvard Medical School, 25 Shattugk Street, Boston, 


Massachusetts 02115. 
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VITRECTOMY SYMPOSIUM 


New York Medical College 
Department of Ophthalmology 


November 17 and 18, 1978 
Barbizon Plaza Hotel 
106 Central Park South 
New York, N.Y. 10019 


This course is for the general ophthalmologist. A distinguished panel of vitreoretinal surgeons will discuss the current indications and mode 
of treatment for anterior segment vitreous complications, lens removal, trauma of the anterior and posterior segment, complications of 
diabetic retinopathy, complicated retinal detachment and endophthalmitis. Diagnostic evaluation of the eye with diseased vitreous and 
retina will be discussed along with recent developments in vitreous physiology. 


FACULTY 


Endre A. Balazs, M.D. 

D. Jackson Coleman, M.D. 
Nicholas Douvas, M.D. 

J. Wallace McMeel, M.D. 
Ronald G. Michels, M.D. 
Danny H. Kaufman, M.D. 
Director, Vitreoretinal 

Service 


Gholam Peyman, M.D. 
Cnarles Schepens, M.D. 
Michael W. Dunn, M.D. 
Danny H. Kaufman, M.D. 
James S. Kelley, M.D. 
Michael W. Dunn, M.D. 
Professor and Chairman 
Department of 


New York Medical College Ophthalmology 
Program Chairman New York Medical College 


Registration Fee: $200.00 (Residents and Fellows $125) 
For registration information please contact 
Danny H. Kaufman, M.D. 

] Stone Place 
Bronxville, N.Y. 10708 


As an organization accredited for continuing medical education, New York Medical College certifies that this continuing medica! education 
activity meets the criteria for 11 credit hours in Category 1 of the Physicians’ Recognition Award of the Americen Medical 
Association. 


"CURRENT CONCEPTS IN ANTERIOR SEGMENT 


SURGERY AND DISEASE" BASIC SCIENCE COURSE 


IN OPHTHALMOLOGY 


THE UNIVERSITY OF TEXAS 
HEALTH SCIENCE CENTER 
AT HOUSTON THE MEDICAL SCHOOL 


January 8 through March 2, 1979 
Eighth Annual Session 


A Post-Graduate Seminar 
Presented by the 
Department of Ophthalmology 
Emory University School of Medicine 
Atlanta, Georgia 
December 7 and 8, 1978, 
at the Peachtree Plaza Hotel 
Followed by the 
Fourth Annual Emory-Grady Eye 
Residents/Alumni Meeting 
December 9, 1978 


This course consists of lectures, laboratory dissection, and 
demonstrations by an experienced faculty of ophthalmolo- 
gists and basic scientists. It is directed toward the 
requirements of residents and prospective residents in 
ophthalmology. 


The curriculum includes: 
Anatomy 
Physiology 
Biochemistry Glaucoma 
Pathology Immunology 
Medical Ophthalmology Visual Fields 
Retinopathy Optics 
External Disease Refraction 
Pharmacology Embryology and Genetics 


Faculty 

Claes H. Dohlman, M.D., Boston, Massachusetts 
Stuart |. Brown, M.D., Pittsburgh, Pennsylvania 
Peter R. Laibson, M.D., Philadelphia, Pennsylvania 
Richard H. Keates, M.D., Columbus, Ohio 


Motility 
Neuro-Ophthalmology 


For application, please write to: F. Phinizy Calhoun, Jr., 
M.D. 1365 Clifton Road, N.E., Atlanta, Georgia 30322 Peas. , 
| Tuition is $800.00. For further information and applicafion forms, 
please write: Richard S. Ruiz, M.D. Chairman, Department of 
Ophthalmology Hermann Eye Center, *Hermann Hospital, 1203 
Ross Sterling, Houston, TX 77030, Phone: (713) 797-1777. 


Registration fee $175. Approved for 12 hours credit 
Category |, AMA Physician's Recognition Award. 





Merck Sharp & Dohme announces 


a significant advance 

, in the topical treatment 
of chronic open-angle 
glaucoma... 








For a briet summary of — * a new level of patient comfort and convenience 


Prescribina Information. 
please see last page 


of this advertisement a new level of efficacy and safety 
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(TIMOLOL MALEATE | MSD) 
OPHTHALMIC SOLUTION 


a beta-adrenergic blocking agent | 
in ophthalmic solution...for reduction of ^ 
elevated IOP in chronic open-angle glaucoma 


neu — 
Timoolic - 





significantly more effective than pilocarpine or 
epinephrine with fewer and less severe side effects" 


e little or no change in pupil size 

e little or no blurring of vision 

€ no dimming of vision...no night blindness 
e little or no effect on tear production 

e little or no hyperemia 


® simple 'one-drop'' b.i.d. dosage 
(may encourage long-term compliance) 


TIMOPTIC " (Timolol Maleate, MSD) is contraindicated in patients who are . 
hypersensitive to any component of this product. 


Occasionally, mild ocular irritation has been reported 


Sufficient clinical data have not been obtained to show safety or efficacy in 
narrow-angle or angle-closure glaucoma. Al € 


*Based on controlled multiclinic studies, evaluating over 1,000 patients. ' 
Data on file, Merck Sharp & Dohme. For published articles frpm the 
clinical studies on TIMOPTIC," please see last page of this advertisement. 


anew level of patient comfort 
and convenience 


In clinical studies—a much lower incidence of 
ocular discomfort than with pilocarpine or epinephrine 


Percentage of Patients 
Symptoms 10 20 30 40 50 





Burning 


Tearing 





Foreign Body Sensation 
Smarting 
Itching 


Brow Ache 





Photophobia 





Sore Aching Eyes 





Dryness 





Blurred Vision 
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Headache 
==» No Treatment N = 798-909 ss pilocarpine N = 167 
=m TIMOPTIC™ N = 489-600 eee epinephrine N = 142 


Adverse effects commonly caused by pilocarpine and 
à epinephrine as reported in the literature— 
rarely encountered with TIMOPTIC ™ (timolol Maleate, MSD) 
Drug-Induced Adverse Effects 


pilocarpine TIMOPTIC " epinephrine TIMOPTIC™ 
, (in clinical studies) (in clinical studies) 


spasm of none reported hyperemia rare and mild 
i accommodation 
4, 
shallowing of the none reported macular edema none reported 
anterior chamber in aphakic patients 
M 3 D A night blindness and none reported pigment deposits on none reported 
MERCK’ dimming of vision lid margins and 
SHARP: : conjunctiva 
DOHME 
a ciliary and rare and mild 
Prescribing Information 


please se last page With TIMOPTIC™ slight reduction of the resting heart rate has been observed in some patients. 
cf this advertisement Local hypersensitivity reactions have occurred rarely. 
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(TIMOLOL MALEATE | MSD) 
OPHTHALMIC SOLUTION 


a beta-adrenergic blocking agent 
in ophthalmic solution...for reduction of Å. 
elevated IOP in chronic open-angle glaucoma 


e Fast onset of action (usually within %2 hour) 


e Based on clinical studies of 638 patients maintained on therapy 
from 14 to 477 days: 
approximately 76% (485 of 638) of patients satisfactorily managed 
(IOP less than 22 mm Hg) on TIMOPTIC " alone 
approximately 93% (593 of 638) of patients satisfactorily managed 
with TIMOPTIC " alone or administered concomitantly with other 
antiglaucoma agents ^ 


€ No evidence of diminished responsiveness reported in 102 patients 
treated for at least two years 


€ Absence of miosis may facilitate visualization of optic disc and 
evaluation of visual fields 


@ Usually well tolerated 


e Produced fewer and less severe side effects than either 
pilocarpine or epinephrine 


TIMOPTIC " should be used with caution in patients with known contraindiéations t 
to systemic use of beta-adrenergic receptor blocking agents. 

Patients who are already receiving a beta-adrenergic blocking agent orally should be 
observed for a potential additive effect. 


a new level of efficacy and safety 
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Prescribing information. 


please sae last gage 
of this advertisement 


In comparative clinical studies—significantly more 
effective than pilocarpine or epinephrine 


In multiclinic studies, TIMOPTIC " (Timolol Maleate, MSD) 
reduced IOP in proportionately more patients 


TIMOPTIC " 614% (48 of 79) 


Pilocarpine 32% (24 of 76) 





TIMOPTIC " 69% (59 of 85) 


Epinephrine 42% (39 of 92) 


% Of patients with IOP reduced to less than 22 mm Hg (p — 0.01) 


Data are derived from the final visit (week 17) in the multiclinic pilocarpine and epinephrine 
comparative studies. These include patients who withdrew due to ineffective response or an 
adverse clinical experience. 


In all clinical studies, therapy with TIMOPTIC "resulted in 
fewer dropouts* than with pilocarpine or epinephrine 


» TIMOPTIC " 6.7% (35 of 520) 


dbi Pilocarpine 26.596 (39 of 147) 
B Um Epinephrine 40.3% (52 of 129) 


Data include patients participating in clinical studies lasting 14 to 477 days. 


“Dropouts are defined as patients whose IOP could not be reduced to levels 


below 22 mm Hg, or those who withdrew because of an adverse Clinical experience. 


new 

Timooltic 
TIMOLOL MALEATE|MSD) -> 
OPHTHALMIC SOLUTION 


significantly broadens 
the meaicaloptionsin | 
antiglaucoma therapy 





€ Permits prolonged maintenance therapy—no evidence of 
tolerance reported In a clinical study of 102 patients treated for at least 
two years, there was no evidence of diminished responsiveness to TIMOPTIC ™ 


e Compatible with other agents Concomitant therapy with pilocarpine and 
other miotics, and/or epinephrine, and/or systemically administered carbonic 
anhydrase inhibitors, such as acetazolamide, can be instituted for the patient who 
needs reduction of IOP greater than provided by one drop of 0.596 TIMOPTIC " 
twice a day. Dosages above one drop of 0.596 TIMOPTIC™ twice a day generally  « 
have not been shown to produce further reduction in intraocular pressure. 


€ Helpful in the medical management of a broader range of patients 
In some patients who respond inadequately to maximum available drug therapy, 
the addition of TIMOPTIC " may result in satisfactory management of intraocular 
pressure, thus possibly postponing the need for surgery. 


€ Often effective in patients previously difficult to manage.. such as 
working patients incapacitated by accommodative spasm produced by miotics, 
older patients with cataracts whose vision is impaired with miotics, patients with 
heavily pigmented irides whose response to pilocarpine is diminished, and aphakic 
patients who may develop macular edema from epinephrine. 


b os ^ : 
Since clinical studies in children have not been done, TIMOPTIC " is nots 3 
recommended for use in children at this time. TIMOPTIC " has not been studied 


in human pregnancy. The use of TIMOPTIC™ in pregnant women requires 
that the anticipated benefits be weighed against the possible hazards. 
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a beta-adrenergic blocking agent 
in ophthalmic solution...for reduction of 


elevafed IOP in chronic open-angle glaucoma 





Dosage Guidelines: 


^ 
How to tragsfer from current therapy to TIMOPTIC" 
(Timolol Maleate, MSD): 


1 On the first day: continue with the agent(s) already being used and add one drop 
0.25% TIMOPTIC " in each eye b.i.d. 


2 On the second day: discontinue the previously used agent(s) and continue with 
TIMOPTIC™ in each eye b.i.d. 


How to add TIMOPTIC "to other agents: 
4 Administer one drop 0.2596 TIMOPTIC " in each eye b.i.d.... while continuing with 
the agent(s) already being used. 


2 If a higher dosage of TIMOPTIC™ is required, substitute one drop 0.596 
TIMOPTIC™ in each eye b.i.d....while continuing with the agent(s) already being used. 


How to start patients on TIMOPTIC ": 


Usual starting dosage: 
one drop 0.2596 TIMOPTIC " 
in each eye twice a day. 











If clinical response 
is not adequate: 


Dosage may be increased (from the 
0.25% solution) by changing to one 
drop 0.596 TIMOPTIC™ twice a day in 
each eye. If the intraocular pressure is 
maintained at satisfactory levels, the 
dosage schedules may be changed to 
one drop once a day in each eye. Dosages 
above one drop of 0.596 TIMOPTIC " 
twice a day generally have not been shown 
to produce further reduction in IOP. 


Because of diurnal variations in intraocular 
pressure, satisfactory response to the 

once-a-day dose is best determined by 
measuring the intraocular pressure at different 
times during the day 


In patients with a histogy of severe cardiac disease, 
pulse rates should be®hecked. 


e 





new 
for many patients—a significant 
advance for the reduction of elevated IOP 


¢ in chronic open-angle glaucoma | il n C lic r 


e in ocular hypertension (TIMOLOL MALEATE | MSD) 


e in aphakic glaucoma 


e in some patients with secondary glaucoma OPHTHALMIC SOLUTION 
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of chronic simple glaucoma, Arch. Ophthamol. 96(6):1003-1008, June 1978. 

6. Sonntag, J., Brindley, G., and Shields, M.: Effect of timolol therapy on outflow facility, 
Invest. Ophthalmol. Visual Sci. 7 7(3):293- 296. March 1978. 

7. Zimmerman, T: Timolol maleate—a new glaucoma medication?, Invest. Ophthalmol. Visual 
Sci. 16(8):687-688, August 1977. 

8. Zimmerman, T, Harbin, R., Pett, M., and Kaufman, H.: Timolol and facility of outflow, 
Invest. Ophthalmol. Visual Sci. 16(7):623-624, July 1977. 

9. Zimmerman, T. and Kaufman, H.: Timolol: A £- qid e blocking agent for the treatment 
of glaucoma, Arch. Ophthalmol. 95(4):601-604, Apri 

10. Zimmerman, T. and Kaufman, H.: Timolol: a new dru E - treatment of glaucoma?, in 
Symposium on Ocular Therapy, ed. |. H. Leopold, vol. 10, New York, John Wiley & Sons, 
1977, pp. 69-76. 
11. Zimmerman, T. and Kaufman, H.: Timolol: Dose response and duration of action, Arch. 

Ophthalmol. 95(4):605-607, April 1977. 





CONTRAINDICATIONS: TIMOPTIC is contraindicated in patients who are hypersensitive to 
any component of this product. - 
PRECAUTIONS: Should be used with caution in patients with known contraindications to 
systemic use of beta-adrenergic receptor blocking agents. These include bronchial asthma, 
sinus bradycardia and greater than first-degree block; cardiogenic shock; right ventricular 
failure secondary to pulmonary hypertension; congestive heart failure; concomitant use with 
adrenergic-augmenting psychotropic drugs. In patients with a history of severe cardiac 
disease, pulse rates should be checked. Patients who are already receiving a beta-adrenergic 
blocking agent orally and who are given TIMOPTIC should be observed for a potential 
additive effect either on the intraocular pressure or on the known systemic effects of t +4 blockade. 
Sufficient clinical data have not been obtained to show safety or efficacy in narrow-angle or 
angle-closure glaucoma. 
Pregnancy: TIMOPTIC has not been studied in human pregnancy. The use of TIMOPTIC in 
pregnant women requires that the anticioated benefit be weighed against possible hazards. 
Use in Children: Since clinical studies in children have not been done, TIMOPTIC is not 
recommended for use in children at this time. 
ADVERSE REACTIONS: Occasionally, signs and symptoms of mild ocular irritation have 
been reported. Slight reduction of the resting heart rate (mean reduction 2.9 beats; minute, 
standard deviation 10.2) has been observed in some patients. Local hypersensitivity reactions 
have occurred rarely.  . " E 
Note: TIMOPTIC has beén used in patients with glaucoma wearing conventional (PMMA) 
hard contact lenses, and has generally been well tolerated. TIMOPTIC has not been studied in 
patients wearing lenses made wg ieterials other than PMMA. 





HOW SUPPLIED: » dg 
TIMOPTIC Ophthalmic Solti^on, 0.25% "ul 
TIMOPTIC Ophthalmic Solgic.n, 0.5% 
M S D Both are available in 5-ml plastic CUMETER grece Dispenser wjth a controlled drop tip. 
MERCK ; j J8TMO! (DC7046004) 


SHARP: For more detailed information, goasult your MSD Representative or see full Prescribing Information. 
DOHME Merck Sharp & Dohme, Divisicrot Merck & Co., INC., West Point, Pa. 19486. 
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SYNEMED, INC. 


1215 Fourth St., Berkeley, CA «irt 415/526-5330 


Represented exclusively in Canada by AOCO LIMITED, 
P. O. Box 5500, 161 Bridge St. W., Belleville, Ontario K8N 5C6 























Now your patient can examine his own visual fields 
producing automatic records that are genuinely 
reliable and valid. The Fieldmaster* 101 is 
scientifically accurate. 


Model 101 offers continuous, precise luminance 
measurement of background and stimulus. All tests 
are truly comparable from time to time and from. 
patient to patient. Ultra-silent shutter operation  . 
ensures reaction only to light stimuli, and patient — E: 
controlled “speed-up” shortens test time. Your E. 
assistant can oversee the brief procedure. 


Simple, rapid control of duration, color, intensity 
and interval minimize set up time. To retest a 
particular stimulus element, flip the address 
switch, and make the check in seconds. Model 
101 R rechecks each missed stimulus for you. 
autornatically. 


Model 101 PR offers otógranmdbdie as well as 
auto recheck. Select normal test function, or any 
of four other programs, to make a quick check 
of a specific region or function. | 
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1 (|) Please send me your Fieldmaster® Catalog. 

[ ] Please have your representative contact me. : 

| Name ł 
- Soest. .  ; —— 

City State Zip 

Tel. No. 
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OCULOPLASTIC AND 
RECONSTRUCTIVE SURGERY 


SPONSORED BY 
THE POST GRADUATE INSTITUTE OF 
THE NEW YORK EYE AND EAR INFIRMARY 
NOVEMBER 6-9, 1978 
UNDER THE DIRECTION 
OF 
BYRON C. SMITH, M.D. AND JOHN T. SIMONTON, M.D. 


als alt als 
viv / viv / vi» 


The course will include observation of surgical procedures 
in the operating room, lectures and anatomical dissec- 
tion. 


AMA-CME Category 1 credits; 32 
Registration fee: $400.00 (Luncheons included) 
For registration and further information, please write: 


Jane Stark, Registrar 
Post-Graduate Institute 

New York Eye and Ear Infirmary 
310 East Fourteenth Street 
New York, New York 10003 


Self-correcting needle 
finds position, depth 


à of follicle. 


Nt 


>% 


CA 


vM. 


PERMA TWEEZ* ELECTROLYSIS INSTRUMENT 


This permanent hair remover features the only patented self- 
correcting needle in existence. Battery operated instrument 
sterilizes, itself when current flows. No-puncture safety feature 
also helps prevent infection. Simple enough to be used by laymen 
(for cosmetic purposes only). 


Thousands of units sold for such varied professional application 
as removal of inverted eyelashes to cosmetic use. 


Clinically tested (copy on request). 


PERMA TWEEZ & ATTACHMENT $22.95 


O Invoice after 30 days 
O Check enclosed 


30 DAY UNCONDITIONAL MONEY BACK GUARANTEE 


GENERAL MEDICAL CO., DEPT AO-102 
1935 ARMACOST AVE., WEST LOS ANGELES, CA 90025 


DR. 
STREET 
C/S 





MIOS TAT. 


(Intraocular Carbachol 0.01%) 


DESCRIPTION: A sterile solution. Each ml contains: Active: 
Carbachol 0.01%. Inactive: Citric Acid Monohydrate 0.10%, 
Sodium Chloride 0.82%, Dried Sodium Phosphate (to adjust 
pH), Water for Injection USP. DM-00 


ACTION: Carbachol is a potent cholinergic (parasympathomi- A 
metic) agent with miotic activity. 


INDICATIONS: Intraocular use for pupillary miosis during 
surgery. 


CONTRAINDICATIONS: Should not be used in those 
persons showing hypersensitivity to any of the components 
of this preparation. 


WARNINGS: For single-dose intraocular use only. Discard 
unused portion. Intraocular Carbachol 0.01% should be used 
with caution in patients with acute cardiac failure, bronchial 
asthma, peptic ulcer, hyperthyroidism, G. |. spasm, urinary 
tract obstruction and Parkinson’s disease. 


ADVERSE REACTIONS: Side effects such as difficulty in 
visual accommodation, flushing, sweating, epigastric distress, 
abdominal cramps, tightness in urinary bladder, and headache 
have been reported after systemic or topical use of carbachol. 
These symptoms were not reported following intraocular use 
of carbachol 0.01% in pre-marketing studies. Persistent . 
bullous keratopathy and post-operative iritis following catar-% - 
act extraction with utilization of intraocular carbachol have 
been reported in an occasional patient. 


DOSAGE AND ADMINISTRATION: After opening and 
tilting the outer container, the inner sterile vial is dropped 
onto a sterile tray and is ready for use. Withdraw the contents 
into a dry sterile syringe, and replace the needle with an 
atraumatic cannula prior to intraocular irrigation. One-half 
milliliter should be gently instilled into the anterior chamber 
for the production of satisfactory miosis. It may be instilled 
before or after securing sutures. Miosis is usually maximal 
within two to five minutes after application. 


OVERDOSAGE: Atropine should be administered parenter- 
ally (for dosage refer to Goodman & Gilman or other 
pharmacology reference). 


HOW SUPPLIED: In 1.5 mi sterile glass vials packaged six to 
8 carton. 
€ 
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MIOSTAT. 


(Intraocular Carbachol 0.01%) 


Alcon Surgical 





The Stereo System 
from Kowa 


KOWA’S HAND-HELD FUNDUS CAMERAS 
WITH STEREO LENS ATTACHMENT AND 
SLIDE VIEWER. 


1 e Clip-on stereo lens can be 


used with either Kowa RC-2 
or RC-3 single lens reflex 
fundus cameras. 






e Single slide for best separa- 
tion and optimum 3D view. 


e Stereo viewer provides ex- 
cellent 3D image of optic disc 
cupping. 

e2x magnification can be 
viewed directly through lens 


. no special extensions 
necessary. 


e Patient numbering device 
superimposes information di- 
rectly on film. 


e Available Polaroid and motor- 
drive backs are easily and 
quickly interchanged. 


e Hand-held flexibility ideal for 
post-op or pediatric use. 


e Kowa joystick also available. 


Stereo components developed by K. E. Schirmer, MD, FRCS; Montreal. 


Kowa Company. Lid. TOKYO, JAPAN KOWA AMERICAN CORP., New York, N.Y. 10001 


E «ce | 


..Wvith the future in sight 


456 Parkway, Lawrence Park Industrial District, Broomall, PA 19008 
€ Philadelphia * New York * Boston * Los Angeles * Chicago * Houston + Atlanta * Cleveland 
Call toll free: 800-523-5620 (in PA call 215-353-4350) * All products serviced in Broomall; PA 





CLINICAL APPLICATIONS 
OF NEW DIAGNOSTIC PROCEDURES 


March 8, 9, 10, 1979 


Anatole Hotel ^ Dallas, Texas 


PURPOSE 
The multitude of new ophthalmological diagnostic tests now available is a source of great 
confusion to many practitioners. The goal of this program is to present a meeting which 
will explain these tests as simply as possible and suggest a logical approach to their 
utilization. 


FACULTY 
Elict Berson, M.D., Boston William Hutton, M.D., Dallas 
Alan Bird, M.D., London Richard Lewis, M.D., Ann Arbor 
Frederick Blodi, M.D., lowa City Ronald Michels, M.D., Baltimore 
Peter Bringewald, M.D., Dallas Karl Ossoinig, M.D., lowa City 
Devron Char, M.D., San Francisco John Sheets, M.D., Odessa 
Steven Charles, M.D., Memphis William Snyder, M.D., Dallas 
D. Jackson Coleman, M.D., New York Richard Srebro, M.D., Dallas 
Edward Cotlier, M.D., New Haven Gerald Tennant, M.D., Dallas 
Victor Curtin, M.D., Miami Albert Vaiser, M.D., Dallas 
Gary Fish, M.D., Dallas George Weinstein, M.D., San Antonio 
H. MacKenzie Freeman, M.D., Boston Lorenz Zimmerman, M.D., Washington D.C. 
Dwain Fuller, M.D., Dallas 

TOPICS 


Fresurgical Evaluation of Eyes with Cataracts and Other Opaque Media: ultrasonography, 
bright-flash electroretinography, visually evoked potential, laser interferometry, standard 
retinal function tests 


Tumor Evaluation and Management: fluorescein angiography, *P, ultrasonography, 
tumor skin testing, aqueous enzymology, enucleation—pros and cons 


Diagnosis and Management of Hereditary Fundus Disease: electroretinography, electro- 
oculography, dark adaptation, visually evoked potential, fluorescein angiography, genetic 
counseling, metabolic concepts 

PROGRAM DIRECTORS 

Doctors Vaiser, Snyder, Hutton and Fuller 


SPONSORED BY 
Retina Service, Presbyterian Hospital of Dallas 
Retina Foundation of the Southwest 


ACCREDITATION 

18-credit hours in Category 1 of the Physician's Recognition Award of the AMA 

FEE 

$250.00 

$125.00 (Residents with letter from Department Chairman) 

Tnis fee includes the scientific program, 2 evening activities (private viewing of Pompeii 
AD 79 exhibit at the Dallas Museum of Fine Arts with hors d'oeuvres, and a Texas 
barbecue), and 2 luncheons. 


Spouses program includes Pompeii Exhibit, Texas barbecue, and special daily activi- 
ties—$75.00. 


For further information please write or call: A. Webb Roberts Center for Continuing 
Education, 3500 Gaston Avenue, Dallas, Texas 75246 (214) 820-2317 


For registration make checks payable to A. Webb Roberts Center 


Extra tickets for the Pompeii evening are available in limited quantities. 
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This course will include lectures and seminar sessions cover- 
ing basic disorders of ocular motility and the visual system. 
Ample time between sessions has been provided for leisure 
activity at the Jackson Hole/Teton Village and Snow King Ski 
areas and Grand Teton and Yellowstone National Parks. 


Tuition: $245.00 Resident Tuition: $125.00 upon application 
by their department head. 





The American Society of Ophthalmic 
Plastic & Reconstructive Surgery 
9th Annual Scientific Session 


Friday, October 27, 1978 8:00 AM to 4:30 PM 
Radisson Muehlebach Hotel Kansas City, Missouri 


A.M.A. approved—Category | for 8 hours 


Featured speakers include Drs. Crowell Beard, Alston Callahan and Byron Smith. Special 
guest lecturer will be Leo Koornneef, Department of Anatomy and Embryology, University of 
Amsterdam, Holland. 


Registration fee before September 30th is $60.00, after that date $75.00. Residents and 
paramedical $30.00 before September 30th with letter from personnel department chairman, 
after 30th $40.00 


For information or registration, write: 


A. Jan Berlin, M.D. 
Cleveland Clinic 

9500 Euclid Avenue 
Cleveland, Ohio 44106 


UNIVERSITY OF NEW MEXICO 
SCHOOL OF MEDICINE 


ANTERIOR AND POSTERIOR SEGMENT 
VITRECTOMY COURSE 







5th ANNUAL SPONSORED BY 
ROCKY MOUNTAIN THE POST GRADUATE INSTITUTE OF 
MERINEO ts det THE NEW YORK EYE AND EAR INFIRMARY 





NOVEMBER 2-3, 1978 









SNOW KING INN 
JACKSON HOLE/TETON VILLAGE 
WYOMING 
FEBRUARY 21, 22, 23, 1979 


J. M. BICKNELL, M.D., Albuquerque, New Mexico 
T. J. CARLOW, M.D., Albuquerque, New Mexico 
R. B. DAROFF, M.D., Miami, Florida 

J. S. GLASER, M.D., Miami, Florida 

N. J. SCHATZ, M.D., Philadelphia, Pennsylvania 
H. VAN DYK, M.D., Salt Lake City, Utah 

W. B. WILSON, M.D., Denver, Colorado 

B. R. YOUNGE, M.D., Rochester, Minnesota 












FACULTY 
JORGE N. BUXTON, M.D. JAMES C. NEWTON, M.D. 
GERALD B. KARA, M.D. MORTON L. ROSENTHAL, M.D. 
FELIPE I. TOLENTINO, M.D. 
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SLIDES, FILMS, VIDEO-TAPES and SUPERVISED PRACTICE 
SURGERY 











This CME Course qualifies for 16 credits in Category 1 for the Physicians’ 
Recognition Award of the American Medical Association. 

















Registration fee: $300.00 (Luncheons included) 











For registration and further information, please write: 
Jane Stark, Registrar 

Post-Graduate Institute 

New York Eye and Ear Infirmary 

310 East Fourteenth Street . 

New York, New York 10003 





Registration is limited. Make check payable to: 


UNIVERSITY OF NEW MEXICO 

OFFICE OF CONTINUING MEDICAL EDUCATION 
BUILDING M-2 

ALBUQUERQUE, NEW MEXICO 87131 
























Step Up To 
Automatic Lens Measurement 
For Less Than $470 





The Humphrey Lens Analyzer is sev- 
eral steps above other lensmeters. It is 
fast and very accurate. Completely | — 
objective measurement makes opera- — | ] 

jJ tor error virtually impossible. : i 


The advanced engineering of this 
instrument provides extraordinary 
reliability (there’s only one moving 
part) and makes automatic lens mea- 
surement affordable. The operation is 
simple—just a few easy steps anyone 
in youroffice can learn. 







Rx 


stepi Position sr Press STEP 


» eopectacles eHead Button e Appears 
You easily check glasses as a pair, With pushbutton ease, sphere, cylinder, R, appears on digital readout and on 
single lenses and contact lenses. axis, adds, horizontal and vertical (optional) hard copy printer. 


prism are measured to better than 
ANSI Z-80 standards. 


sterk Mail Tis — MHUMPHREY 


SPECIFICATIONS 
Sphere Range +30 D (0.12D & 0.25D 











O Phone meat. — |. | . . .toarrange a demonstration. 


Sd 
I 
I 
l 
i 
increments) - Cou pon INSTRUMENTS INCORPORATED 
Cylinder Range +15 D (0.12D & 0.25D | For data on why the Ves n Lens 3081 Teagarden St., San Leandro, CA 94577, 
a 1 momonga ı Analyzer is 3 steps ahead of other (415) 895-9110, (Outside California: 
Cylinder Axis 0-180° (1° increments) | instruments. 800-227-1508) 
Vertical Prism +15 (.25 increments) 
Lateral Prism +15 (.25 increments) | Name 
Size '* 13" wide x 12" deep x - = 
| 14" high l Company/Institution 
s d i 
: | Street 
I 
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CATARACTS AND 
CORNEAL AND INTRAOCULAR LENSES 


EXTE 
RNAL DISEASES ANTERIOR SEGMENT 
RECONSTRUCTION 
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: The Wilmer Institute 
. The Johns Hopkins Hospital - 
NN at 3 
~ The Cerromar Beach Hotel 
Dorado Beach, 


Puerto Rico 
Feb. 19 -23, 1979 






VITREO-RETINAL 
SURGERY 


presents 


Current Concepts 
in Ophthalmology 


A course designed for the ophthalmologist in 
clinical practice with particular emphasis on an 
up-to-date review of the medical and surgical 
management of selected topics in corneal, ex- 
ternal, and vitreo-retinal diseases. 


Course Directors 
Walter J. Stark, Baltimore 
Lawrence W. Hirst, Baltimore 


Faculty 
A. Edward Maumenee, Baltimore 
Dan B. Jones, Houston 
Jose Berrocal, Puerto Rico 
lrene H. Maumenee, Baltimore 
Ronald G. Michels, Baltimore 
Ronald E. Smith, Los Angeles 
Charles P. Wilkinson, Oklahoma City 


Accreditation 
A.M.A. approved for 30 hours in Category | 


Registration 
Fee: $350 


Deadline: December 10, 1978 


Limited to 100 participants 


Information: 
Program Coordinator 
Continuing Education 

The Johns Hopkins University 
720 Rutland Avenue 
Turner Auditorium, Room 22 
Baltimore, Maryland 21205 
(301) 955-5880 


(Precedes XII Pan. Am Congress. Miami, Feb. 25) 


Prescribing Information 


OPHTHOCHLOR 
(chloramphenicol ophthalmic 
solution, USP), 0.5% 


Description 

Ophthochlor Ophthalmic Solution 05%, isa 
sterile, buffered solution containing 0.5% 

(5 mg/ml) of chloramphenicol Ophthochlor 
contains no preservatives 


Actions E. d 


Chloramphenicol, a broad-spectrum antibiotic 
originally isolated from Streptomyces venezu- 
elae, is primarily bacteriostatic anc acts by 
inhibition of protein synthesis by interfering with 
the transfer of activated amino acids from 
soluble RNA to ribosomes. Studies haveshown 
that chloramphenicol is not absorbed in measur- 
able amounts by topical applicaticn to the eye 
Development of resistance to chloramphenicol 
can be regarded as minimal for staphylococci 
and many other species of bactera 


Indications 
Ophthochlor (chloramphenicol ophthalmic 
solution. USP). 0.5%. is indicated tor the treat- Á 


ment of superficial ocular infections involving 
the conjunctiva and/or cornea Caused by 
chloramphenicol-susceptible organisms. Bacte- 
nological studies should be performed to 
determine the causative organismes and their 
sensitivity to chloramphenicol 


Contraindication 
This product is contraindicated inpersons 
sensitive to any of its components 


Warnings 

Prolonged or frequent intermitter: use of topical 
chloramphenicol should be avoiced because of 
the possibility of hypersensitivity reactions, 
including bone marrow hypoplas= 


Precautions 

The prolonged use of antibiotics rnay occasion- 

ally result in overgrowth of nonsusceptible t : 
organisms, including fungi. If new infections 

appear during medication, the drug should be 
discontinued and appropriate measures should 

be taken. In all except very superficial infections, 

the topical use of chloramphenicol should be 
supplemented by appropriate systemic 

medication 


Adverse Reactions 

Blood dyscrasias may be associated with the 
systemic use of chloramphenico’ Bone marrow 
hypoplasia following the topical use of chloram- 
phenicol eye drops has been reported 


Dosage and Administration 

Two drops applied to the affecteazeye every 

three hours, or more frequently deemed 
advisable by the prescribing physician. Admin- 
istration should be continued day and night for — "e 
the first 48 hours, after which the nterval 

between applications may be increased Treat- 
ment should be continued for at east 48 hours 
after the eye appears normal 


How Supplied 

N 0071-3395-11 —15-ml bottles Ophthochlor 
Ophthalmic Solution, 0.5%, is supplied in plastic 
dropper bottles and contains no preservatives 
Each milliliter contains 5 mg chloramphenicol in 
a boric acid-sodium borate buffer solution 
Sodium hydroxide may have been agded for 
adjustment of pH. To protect it fram light, the 
solution should be dispensed in the carton. This 
product should be stored in a refrigerator until 
dispensed. Discard solution withm 21 days from 
date dispensed + WA 


v 
PARKE-DAVIS 


PARKE-DAVIS 
Division of Warner-Lambert Company 
Morris Plains, NJ 07950 PD-JA-2461-1-P(6-78) 


In infectious 
conjunctivitis or keratitis 





+  OPHTHOCHLOR. 15™ 


(chloramphenicol ophthalmic 
solution, USP),0.5% 







>e Effective ophthalmic antibiotic with a broad 

spectrum-of activity 

e A sterile buffered solution...isotonic with 
lacrimal fluid 

e Plastic squeeze bottle for ease of 
administration 

Ophthochior is preservative-free. Therefore, 

the discomfort often associated with preser- 

vatives will not be a problem. 

Prolonged or frequent intermittent use of topical chlor- 
amphenicol should be avoided because of the possibility of 
hypersensitivity reactions, including bone marrow 
hypoplasia. * : 

+ Also available=Chloremycetin® Ophthalmic Ointment, 1% 
chloramphenicol ophthalmic ointment, USP) 


"When causec by chloramphenicol-susceptible organisms d 


Please see prescribing information on preceding page. 


PARKE-DAVIS 
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MAJOR MEDICINAL PLANTS: Botany, Culture and Uses 
by Julia F. Morton, Univ. of Miami, Coral Gables, Florida. 
Forewords by Norman R. Farnsworth and Maynard W. 
Quimby. This luxuriously produced volume describes the 
principal drug plants which have played and continue to 
play an important medicinal role. Origin and geographical 
location are detailed along with areas of cultivation, yields, 
chemical constituents, economic uses and toxicity. The bot- 
any, culture and harvesting of medicinal plants are also 
explored. All plants are richly illustrated with photographs, 
original line drawings and reproductions of classic plates. A 
bibliography composed of over 600 international research 
reports follows the text. 78 448 pp. (6 3/4 x 9 3/4), 109 i. 
(17 in color), 2 tables, $49.50 


— OPHTHALMIC DISPENSING (2nd Ed., 4th Ptg.) by Rus- 


Los Angeles. Current information on eye 
as. related to ophthalmic lenses, 
required to examine prisms and 
lenses, and optical aids for subnormal vision is covered in 
this comprehensive book on ophthalmic dispensing. Fitting 
of lenses after cataract surgery; a prescription cataloging 
method of recording lenses and frames; and the dispensing 
of single vision, bifocal, cataract, vocational and protective 
lenses are also thoroughly discussed. '78, 624 pp., 250 il., 39 
tables, $23.50 


sell L. Stimson, 
anatomy and physiology 


EYE SURGERY: Innovations and Trends, Pitfalls, Com- 
plications edited by R. M. Fasanella, Yale Univ. School of 
Medicine, New Haven, Connecticut. (14 Contributors) In- 
novations, current trends and various complications of eye 
surgery are discussed. Tvpes and techniques of prostho- 
keratoplasty are enumerated, as are intraocular lens im- 
plantation, glaucoma surgery, phacoemulsification, retinal 
detachment, plastic surgery of the eyelids, and many other 
topics of current interest. Special diagnostic tests, sites and 
surgical procedures are discussed for management of the 
displaced lens. '77, 352 pp. (6 3/8 x 9 5/8), 106 il. (25 in 


color), 25 tables, $29.50 


VISUAL IMPAIRMENT IN THE SCHOOLS by Randall 
K. Harley, George Peabody College for Teachers, and G. 
Allen Lawrence, Vanderbilt Univ. School of Medicine, both 
of Nashville, Tennessee. Between these covers exists a Suc- 
cinct and easily understood guide to a better understanding 
of the structure and function of the eye, its diseases, and the 
relationship of visual impairment to visual learning. Tested 
and proven in a university classroom, the material in this 
text will serve as a valuable resource for professionals who 
are concerned with the visual problems of children. The 
scope of this book is broad enough to meet the diverse needs 
of the various disciplines, but clear enough so that the 
reader is not overpowered by the medical or psychological 
complexities. '77, 168 pp., 25 il., 1 table, $10.75 


THE ANATOMY OF OCULAR ADNEXA: Guide to Or- 
bital Dissection by Frederick A. Mausolf, Univ. of Iowa, 
Iowa City. Forewords by Frederick C. Blodi and Lester T. 
Jones. The book offers a step-by-step guide to the dissection 
of the human orbit. A didactic review and detailed instruc- 
tions with anatomical diagrams are provided. The dis- 
secting instructions are in bold print following a brief 
review of the structures to be dissected. Illustrations are 
clear and easy to orient toward a particular area or interest. 
Topics include the bony orbit, the orbit from above, the 
lateral orbit, the lids and orbit from the anterior approach 
and the lacrimal drainage system. 75, 66 pp., 39 il., $5.50, 


NEUROLOGY OF THE OCULAR MUSCLES (2nd Ed., 
8th Ptg.) by David G. Cogan, Harvard Medal School, 
Boston. The correlation of clinical disturbances with the 
physiology and anatomy of the centers and tracts that con- 
trol the nervous mechanisms of the eye is exceptionally 
well done. The manual includes nearly all that is known of 
the anatomy and physiology of those centers and tracts and 
the known signs and syndromes resulting from lesions in 
them. Every conclusion is documented either by personal 
experience or by experiments and a thorough review of 
literature. Specific topics covered include internuclear oph- 
thalmoplegia, characteristics of the extraocular eye, and the 
enigmatic phenomenon of skew deviation. '78, 320 pp., 169 
il. (3 in color), $13.75 


THE CARE AND MANAGEMENT OF THE SICK AND 
INCOMPETENT PHYSICIAN by Robert C. Green, Jr., 
George J. Carroll and William D. Buxton, all of the Vir- 
ginia State Board of Medicine. This is an in-depth study of 
the sick, incompetent or unethical physician. The authors 
detail the management, prevention and identification of 
problems which impair the ability of a physician to per- 
form adequately. They underscore the medical profession's 
responsibility to correct such situations. Drug and alcohol 
addiction, psychiatric illness, senility, physical illness, and 
clinical obsolescence are discussed. The profession's respon- 
sibilty in management of these problems is emphasized. '78, 
116 pp., 13 tables, $8.50 


DO YOU REALLY NEED EYE SURGERY? (2nd Ed.) by 
William H. Havener, Ohio State Univ., Columbus. De- 
signed to provide ophthalmologic patients with informa- 
tion on serious eye diseases and their treatment, this slender 
volume is packed with the facts essential for making an 
informed decision about ophthalmologic surgery. Ophthal- 
mologists will find in this book a means to deal with the 
legal needs of informed consent as well as the ethical obli- 
gations of providing information relevant to the patient's 
needs. Chapters are included on cataracts, glaucoma, eye 
removal and many other problems. '77, 96 pp. (5 1/2 x 8 
1/2), $3.75, paper 


CONTACT LENS PRACTICE: Hard and Flexible Lenses 
(2nd Ed., 3rd Ptg.) by Robert B. Mandell, Univ. of Cali- 
fornia, Berkeley. Y his text clearly represents the most com- 
prehensive coverage of the contact lens field. All methods 
and philosophies of fitting contact lenses are discussed in 
an objective and unbiased manner. Many special lens de- 
signs for application in cases of aphakia, presbyopia, and 
keratoconus are discussed. Considerable material is devoted 
to the topics of tight lenses and corneal edema and accessory 
contact lens solutions. Doctor Antonio R. Gasset presents a 
discussion of the use of the new Softcon contac! lens for the 
therapeutic treatment of bullous keratopathy. '77, 840 pp. (6 
3/4 x 9 3/4), 624 il. (28 in color), 79 tables, $32.50 


ADVANCES IN VITREOUS SURGERY edited by Alex- 
ander Rodman Irvine and Conor O'Malley, both of The 
Univ. of California School of Medicine, San Francisco. (58 
Contributors) Numerous international leaders contribute to 
this comprehensive study. Topics include vitreous*structure, 
morphologic and functional examination of the patient 
with vitreous disease, “open sky" and trans pars plana tech- 
niques of vitrectomy, and the uses of diathermy and ultra- 
sound within the vitreous cavity. Additibr3l material 
details retinal detachments, diabetic retinopathy, and 
trauma. '76, 736 pp., 330 il:, 56 tables, $51.00 


es (.) C C S with remittance sent, on approval, postpaid 
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designed to replace the inconve- 
nience of razor-blade fragments. 


RUDOLPH BEAVER, INC. 
480 TRAPELO ROAD 
BELMONT, MA 02178 
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31st ANNUAL 


WILLS EYE HOSPITAL CLINICAL CONFERENCE 
Oram R. Kline, Jr., M.D., Chairman 


March 1-2-3, 1979 
Marriott Hotel City Line Avenue Philadelphia, Pa. 


Bedell Lecturer 
Norman S. Jaffe, M.D. 
Miami, Florida 


SYMPOSIA 
NTRAOCULAR LENSES EXTENDED WEAR LENSES 
Visual Results & Complications Kenneth Michaile, M.D., Moderator 
Normen S. Jaffe, M.D., Moderator Antonio Gasset, M.D. 
Turgut Hamdi, M.D. G. Peter Halburg, M.D. 
Cram R. Kline, Jr., M.D. Jack Hartstein, M.D. 
John H. Sheets, M.D. Harold Stein, M.D. 


WORKSHOPS 
Cataracts Intraocular Lenses Phacoemulsification 
Contact Lenses Malpractice Refraction 
Cornea Neuro-Ophthalmology Retina 
Glaucoma Oculoplastic Uveitis 


À special PARAMEDICAL WORKSHOP is planned for Ophthalmic Assistants on Saturday, March 3, 1979 
from 9 a.m. to 12 noon. 


REGISTRATION INFORMATION 

Registration Fee: $85.00 for practicing Ophthalmologists 
$25.00 for Residents & Fellows 
$10.00 for Paramedical Personnel 


For fuřther information contact Jeanne L. Kiska, Conference Coordinator, 4132 Markland Street, Philadelphia, Pa 19124, 
(215) 687-0206. 


no refunds after February 15, 1979 
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' Eyedrops, 
not teardrops 








Phospholine 
lodide 


(ECHOTHIOPHATE IODIDE 


FOR OPHTHALMIC SOLUTION) 


for accommodative 


., esotropia 


The emotional impact of accommodative esotropia on a 


young child need not necessarily be followed by the 


trauma of surgery or the inconvenience and problems 


associated with wearing and caring for prescription 


lenses. The agent frequently used in the diagnosis of the 
condition is the same agent that can be used to correct 


the accommodstive factor without inconvenience to 
the young oatient. 


In diagnosis...One drop of PHOSPHOLINE IODIDE 


012555 instilled daily in each eye prior to retiring, for 


a twoorthree weeks, will help to determine if there is an 


accommocative basis for the esotropia. 


In treatrnent...lfthereisasignificantaccommodative 
factor present, the continued use of PHOSPHOLINE 
IODIDE alone is often sufficient to correct the problem, 
as long as the drug is well tolerated. PHOSPHOLINE 


IODIDE acts by altering the accommodative conver- 


gence/accommodation relationship in a favorable way, 
so that neer vision is obtained with less accommodative 


effort and tusion can frequently be reestablished. 
If corrective lenses are necessary, PHOSPHOLINE 


IODIDE may permit the use of single vision lenses in- 


stead of bitocals. 

* if surgery is necessary, postoperative use of 
PHOSPHOLINE IODIDE may help correct a residual 
deviation. 
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BRIEF SUMMARY 

(For full prescribing information, see package circular ) 
PHOSPHOLINE IODIDE* 

(ECHOTHIOPHATE IODIDE FOR OPHTHALMIC SOLUTION) 
PHOSPHOLINE IODIDE is a long-acting cholinesterase inhib- 
itor for topical use. 

Indications: Glaucoma — Chronic open-angle glaucoma. 


Subacute or chronic angle-closure glaucoma after iridectomy or — 


where surgery is refused or contraindicated. Certain non-uveitic 
secondary types of glaucoma, especially glaucoma following 
cataract surgery 

Accommodative esotropia — Concomitant esotropias with a 
significant accommocative component. 

Contraindications: !. Active uveal inflammation. 

2. Most cases of ancle-closure glaucoma, due to the possibility 
of increasing angle block. 

3. Hypersensitivity to the active or inactive ingredients 
Warnings: 1. Use in Pregnancy: Safe use of anticholinesterase 
medications during pregnancy has not been established, nor 
has the absence of adverse effects on the fetus or on the respira- 
tion of the neonate. 

2. Succinylcholine snould be administered only with great 
caution, if at all, prior to or during general anesthesia to patients 
receiving anticholinesterase medication because of possible 
respiratory or cardiovascular collapse. 

3. Caution should be observed in treating glaucoma with 
PHOSPHOLINE IODIDE in patients who are at the same time 
undergoing treatment with systemic anticholinesterase medica- 
tions for myasthenia gravis, because of possible adverse additive 
effects 
Precautions: 1. Gonioscopy is recommended prior to initiation 
of therapy. 

2. Where there is a quiescent uveitis or a history of this condi- 
tion, anticholinesterase therapy should be avoided or used 
cautiously because of the intense and persistent miosis and 
ciliary muscle contraction that may occur. 

3. While systemic effects are infrequent, proper use of the drug 
requires digital compression of the nasolacrimal ducts for a 
minute or two following instillation to minimize drainage into the 
nasal chamber with itsextensive absorption area. The hands 
should be washed immediately following instillation. 

4. Temporary discontinuance of medication is necessary if 
salivation, urinary incontinence, diarrhea, profuse sweating, 
muscle weakness, respiratory difficulties, or cardiac irregularities 
occur. 

5. Patients receiving PHOSPHOLINE IODIDE who are ex- 
posed to carbamate or organophosphate type insecticides and 
pesticides (professional gardeners, farmers, workers in plants 
manufacturing or formulating such products, etc.) should be 
warned of the additive systemic effects possible from absorption 
of the pesticide through the respiratory tract or skin. During 
periods of exposure to such pesticides, the wearing of respiratory 
masks, and frequent washing and clothing changes may be 
advisable 

6. Anticholinesterase drugs should be used with extreme 
caution. if at all, in patients with marked vagotonia, bronchial 
asthma. spastic gastromtestinal disturbances, peptic ulcer, pro- 
nounced bradycardia and hypotension, recent myocardial 
infarction, epilepsy, parkinsonism, and other disorders that may 
respond adversely to vagotonic effects 

7. Anticholinesterase drugs should beemployed prior to 
ophthalmic surgery oniy as a considered risk because of the 
possible occurrence o! hyphema 

8. PHOSPHOLINE IODIDE (echothiophate iodide) should be 
used with great caution, if at all, where there is a prior history of 
retinal detachment 
Adverse Reactions: 1. Although the relationship, if any, of retinal 
detachment to the administration of PHOSPHOLINE IODIDE 
has not been established, retinal detachment has been reported 
in a few cases during the use of PHOSPHOLINE IODIDE in adult 
patients without a previous history of this disorder 

2. Stinging, burning, lacrimation, lid muscle twitching, 
conjunctival and ciliaryredness, browache, induced myopia with 
visual blurring may occur. 

3. Activation of latent iritis or uveitis may occur 

4. Iris cysts may form, and if treatmentis continued, may 
enlarge and obscure vision. This occurrence is more frequent in 
children. The cysts usually shrink upon discontinuance of the 
medication, reduction in strength of the drops or frequency of 
instillation. Rarely, they may rupture or break free into the 
aqueous. Regular examinations are advisable when the drug is 
being prescribed for the treatment of accommodative esotropia. 


5. Prolonged use may Cause conjunctival thickening, obstruc- 


tion of nasolacrimal canals. 

6. Lens opacities occurring in patients under treatment for 
glaucoma with PHOSPHOLINE IODIDE have been reported 
and similar changes have been produced experimentally in 
normal monkeys. Routine examinations should accompany 
clinical use of the drug 

7. Paradoxical increase in intraocular pressure may follow 


anticholinesterase instillation. This may be alleviated by prescrib-. - 


ing a sympathomimetic mydriatic such as phenylephrine. 
Overdosage: Antidotes are atropine, 2 mg parenterally; 
PROTOPAM* CHLORIDE (pralidoxime chloride), 25 mg per kg 
intravenously; artificial respiration should be given if necessary. 
How Supplied: Four potencies are available. 1.5 mg package 
for dispensing 0.03% solution; 3.0 mg package for 0.06% 
solution; 6.25 mg package for 0.125% solution; 12.5 mg 
package for 0.25% solution. Also contaims potassium acetate 
(sodium hydroxide or acetic acid may have been incorporated to 
adjust pH during manufacturing), chorobutanol (chloral deriva- 
tive), mannitol, boric acid and exsiccated sodium phosphate 


The Ophthalmos Division 
AYERST LABORATORIES 
New York. N Y. 10017 7742 
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WELSH FOUR 
DROP ASPHERIC 
LENSES. 


Conventional 
lenticular 
lenses. 





Both sets of eyewear shown using 12.00 Base, 2.00 Add, & 12.00D sphere. 


WELSH FOUR DROP 
ASPHERIC LENSES 


to replace conventional lenticulars. 


THE BIG SWITCH: For post-cataract pa- 
tients, WELSH FOUR DROP ASPHERIC 
LENSES from Armolite increase pe- 
rigneral vision while reducing magnifica- 
tion. Patients feel safer, more secure... 
plus look more attractive. WELSH FOUR 
DROP ASPERIC LENSES can be finished to 
a knife edge. They also eliminate the 
“poached egg” appearance of con- 
ventional lenticular lenses. To help you 
cGemonstrate these visual and cosmetic 
covantages to your patients, we have 
designed a professional, point-of-pur- 
chase presentation piece, available to 
you at no charge, by simply retuming 
the coupon below. You will also receive 
a Tee, comprehensive manual of re- 
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——— 0 —— 


commended procedures for refracting 
and dispensing the WELSH FOUR DROP 
ASPHERIC LENS. 

Join THE BIG SWITCH by completing the 
coupon for your free materials and mail- 
ing it now. Orders will be processed im- 
mediately on a first come, first serve 
basis while limited supply lasts. — 





Please forward materials described, at no charge, 
tc 


Please 


check the 
BMeweL ii. ue eS mI ve following 
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Optometrist 


[] 
Optician 


My primary optical laboratory utilized is: 
COnpOn o o ae LS E uf e d 
PRIN ac EA, SR, LEE cod 


City 
Return to: 

Customer Service Dept. 
Armorilite, Inc. 

P.O. Box 1000 

San Marcos, CA 92069 
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An Outstanding New Surgical 
Microscope System For The 

Hospital Operating Room, 

Offering Many Significant Advantages: 


Motcrized zoom magnification and 
motorized focusing. Standard foot 
switcn allows continuous ZOOM magni- 
fication from 4x to 23x. Topcon's 
superior optical design provides greater 
depth of field, even at high magnifica- 
tions. Foot switch also controls motor- 
ized coarse focus (height of floor stand) 
and finefocus adjustment of optical head. 


Compact eyepiece to site distance. 
Distance from eyepiece to site allows 
surgeon to work in a comfortable, 
relaxed position for extended periods 
of time. 


Many important standard features. 
Brilliant, direct coaxial illumination; 
oblique light source for choice of homo- 
geneous or slit illumination; sterilizable 
controls; inclined main binocular; 
175rrm objective lens; built-in filtration; 
10x evepieces. 


A wide choice of modular components. 


The optical head is designed to 

accep: any of the following optional 
attachrments: straight main binocular; 
coaxial assistant's binocular; fixed 4x 
assistant's binocular with independent 
light path; zoom assistant's binocular; 
interchangeable 20x eyepieces; inter- 
changeable objective lenses; monocular 
observation tube; video camera, 35mm 
still camera, or other visual documenta- 
tion device. 


Plus an optional XY translator. 
This accessory allows the microscope 


TOPCON 


to be guided freely on a horizontal (XY) 
plane in any direction for maximum 
flexibility of positioning. 

The Topcon Operation Microscope is 
available in two different models, the 
OMS-80 and the OMS- 100. 

Both instruments offer a similar main 
microscope system (optical head), but 
different floor stands. 


Topcon OMS-80 


The moderately-priced OMS-80 is fully- 
equipped to handle most practical O.R. 
applications. Its floor stand features 
stable, solid construction, positive 
motorized elevation with foot switch 
control, and locking casters for easy 
mobility. 


Topcon OMS-100 


The sophisticated OMS- 100 offers the 
following added benefits: heavier casting 
for greater stability under heavy acces- 
sory load conditions; centralized controls 
grouped conveniently at eye level; 
motorized automatic centering of optical 
head on foot switch; power supply for 
35mm camera attachment built into 
base; greater lateral swing clearance 

for easy positioning around O.R. table. 


For more information on the Topcon 
operation microscopes, please contact 
your Topcon distributor, or write to us. 





A New World of Precision Optics 


Topcon Instrument Corporation of America, 9 Keystone Place, Paramus, N.J. 07652 
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Actual Size 


Designed by: 

Robert Machemer, M.D. 
Professor and Chairman 
Duke University Eye Center 


MACHEMER 
AUTOCLAVABLE 
INFUSION 


CONTACT LENS 


The lens was designed to be used with the (aie 
Clinitex VISC-X but is also useful for other i 
vitreo-retinal procedures, endophotocoagulation, 


and for office examinations. 


Attaches directly to infusion supply; 
syringe; or Clinitex infusion manifold, 
which provides controlled infusion 

^ flow, drip or steady stream. 


^i 
Lens diameter 9.8mm; weight 3 gr., 7% gr. w/hose: 
infusion line length 30” or to specification. 


Also available: Free Floating Contact Lens which 
adheres to cornea. 


Autoclavable Scratch Resistant Quartz Lens 


CLINITEX division of Varian 
183 Newbury St. 
Danvers, MA 01923 


Name 


Address eee 
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Prescribing Information 
CHLOROMYXIN 
(chloramphenicol-polymyxin ophthalmic 
ointment) 
Description 
Each gram of Chloromyxin (chloramphenicol- 
polymyxin ophthalmic ointment) contains 10 mg 
(1%) chloramphenicol and 5,000 units poly- 
myxin B (as the sulfate) in a special base of liquid 
petrolatum and polyethylene 
Actions 
Chloramphenicol, a broad-spectrum antibiotic 
originally isolated from Streptomyces venezu- 
elae, is primarily bacteriostatic and acts by 
inhibition of protein synthesis by interfering with 
the transfer of activated amino acids from soluble 
HNA to ribosomes. Studies have shown that 
chloramphenicol is not absorbed immeasurable 
amounts by topical application to the eve. Devel 
opment of resistance to chloramphenicol can be 
regarded as minimal for staphylocccci and 
many other species of bacteria 

Polymyxin B sulfate is one of a group of basic 
polypeptide antibiotics derived from Bacillus 
polymyxa (B aerosporus) and has a bactericidal 
action against almost all gram-negative bacilli 
except the Proteus group. Polymyxns increase 
the permeability of bacterial cell wai! mem 
branes. All gram-positive bacteria, tungi, and the 
gram-negative cocci, Neisseria gonorrhoeae and 
N meningitidis, are resistant 


Indications 
Chloromyxin chloramphenicol-poiyrr yxin 
ophthalmic ointment) is indicated for the treatment 


of superficial ocular infections invoivin ) 
the conjunctiva and/or cornea caused by 
chloramphenicol- and/or polymyxin-s isceptible 
organisms 
Contraindication 
This product is contraindicated in persons 
sensitive to any of its components 
Warnings 
Prolonged or frequent intermittent ise of topical 
chloramphenicol should be avoided because of 
the possibility of hypersensitivity reactions 
including bone marrow hypoplasia 
Precautions 
The prolonged use of antibiotics m ly Occasion- 
ally result in overgrowth of nonsus eptible 
organisms, including fungi. If new infections 
appear during medication, the druc should be 
discontinued and appropriate measures s hould 
be taken 
In all except very superficial infections. the 
topical use of chloramphenicol should be sup- 
plemented by appropriate systemic m edication 
Adverse Reactions 
Blood dyscrasias may be associated with the 
systemic use of chloramphenicol. 8one marrow 
hypoplasia following the topical use of chloram- 
phenicol eye drops has been reported 
Dosage and Administration 
A small amount of ointment placec in the lower 
conjunctival sac every three hours -or more 
frequently if deemed advisable Oy the prescrib- 
ing physician. Administration shoutd be con- 
tinued day and night for the first 4& ours, after 
which the interval between applications may be 
increased. Treatment should be continued for at 
least 48 hours after the eye appears normal 
Total dosage of polymyxin systemic and 
ophthalmic, exceeding 2.5 mg (25:00Q units), 
Kg/day should be avoided 
How Supplied 
N 0071-3082-07 Chloromyxin (chtor ampheni 
col-polymyxin ophthalmic ointment) is Supplied 


sterile in ophthalmic ointment tubes ot 359g 


UL 
PARKE-DAVIS 
PARKE-DAVIS 
Division of Warner-Lambert Company 
Morris Plains, NJ 07950 PD-JA-2460-1-P (6-78) 


The name is new! 





CHLOROMYXIN’ 


chloramphenicol-polymyxin 
odhitfialmic Oi ERR | 


_ Effective in superficial | 
conjunctival and corneal infections" 







m Chloromyxin, a combination 
of chloramphenicol and poly- 
myxin, covers many gram- 
positive organisms, including 
staphylococci, and almost all 
gram-negative bacilli. 

m Works well against Pseudo- 
monas aeruginosa, a danger- 
ous and opportunistic organism 
which grows better in the 
cornea than in any other known 
medium? 


Chloromyxin is preservative-free. 


"When caused by susceptible organisms 
tVaugnan D. Asbury T General Ophthalmology. ed 8. 
Los Altos, CA LangeMedical Publications, 1977, p 296 


Please see prescribing information on preceding page. 


Each gram of Chloromyxin Ophthalmic 
Ointment contains 10 mg (1%) chioram- 
phenicol and 5,000 units of polymyxin B (as 
the sulfate) in a special base of liquid 
petrolatum and polyethylene. 


Prolonged or frequent intermitten: use of 
topical chloramphenicol should be avoided 
because of the possibility of hypersensi- 
tivity reactions, including bone marrow 
hypoplasia. 


All gram-positive bacteria, fungi, and the 
gram-negative cocci, Neisseria gonorrhoeae 
and N meningitidis, are resistant to poly- 
myxin B alone. And, all fungi are resistant to 
chloramphenicol. Total dosage of polymyxin, 
systemic and ophthalmic, exceeding 2.5 mg 
(25,000 units)/kg/day should be avoided. 


PARKE-DAVIS 
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Represents the model 91-ACV 
50 which allows for a constant 


vault of .5mm. 


0.4 HIGH CHARACTERS AS PER 
APPROPRIATE DASH NO. TYP 


AN. 


ON 


1 SHI 


^—0.75 R TYP 


106-27-11 SHOWN 


FULL R 


0.26 


SECTION AA 


Represents the indestry mea 
of those plano convex lense 
manufactured to date. 

The vaults range from .24 to 


33mm. 


The 9I-ACV50 Lens 


Design Improvements to the European Style Lens 


Iris Chafe-The direct cause 
has yet to be defined, the effect 
has been reported. In those 
instances not medically man- 
ageable, micro-hyphema, inter- 
mittant elevated pressure and 
uveitis have been the cause of 
lens removal 

The response from those 
physicians experiencing com- 
plications has been rapid and 
informative. The major point 
raised was the proximity of the 
posterior surface of the lens to 
the iris. The second being the 


edge finish. It was also noted, 
that even in those lenses with 
what appeared to be good edge 
finish, the above mentioned 
phenomenon still presented 
itself 

As an added note, the area 
of the lens used to change the 
diagonal length dimension en- 
tered into the design consider- 
ations, as most manufacturers 
routinely extend the footplate 
length, thus adding to the iris 
contact area. By using the strut 
area to increase or decrease 


the lens length, a constant iris 
touch area is maintained as 
well as a minimum of .5 millime 
ters vault. Even with a vaulting 
of .5 millimeters, a mean height 
of only 1.3 millimeters to the 
apex of the front surface is 
easily achieved 

By applying the same optical 
polish techniques used on the 
lens surface to that of the edge 
(in addition to increasing the 
distance between the posterior 
side of the lens and the iris 
face) we feel that we have 


responded in fell to tha 
recommendations on ante 
chamber lens design made to 


Tel. Toll Free: (800) 854-176 
In California 

Call Toll Free: o 060 472-777 
Tel.: (714) 599-8347 


Be sure to visit our booths No.’s 331 and 430 during the AAO in Kanas City. 


Distributed by Physicians Dispens 


ale) Corporation Af 


iliate of lolab Corporation 








ILIAS, JOL SI y ELLS =} 
ith unlisted diopter power (which 
an vary up to fourteen diopters), 
blab lenses with listed numbers 
ive customers complete assurance. 

lolab has developed a diopter 
olerance (+ .250)-establishing it 
s one of the smallest variables in 
he computation of post operative 
efractions. 

lolab has established criteria on 
esolution, back focal length, and 
e proper identification of diopter 
Ower. 


U r Aas J WT U = 
experience as a manufacturer o 
precision optics. This has provided 
an avenue of professional exchange 
of expertise between the manufac 
turing optician and the practicing 
ophthalmologist. 


Telephone Toll Free: (800) 854-176 
In California Call Toll Free: 7 
(800) 472-7770 

Telephone: (714) 599-8347 


Our Number’s Listed 
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IT'S NICE TO KNOW. - 


Extensive clinical tests indicate 
Visine is ideally suiteq 
for your recommendation. 





Visine ® has been proven safe and effective 
forrelief of symptoms of minor eye irritation. 


Whatever causes your patients’ minor eye 
irritqtion—glare, pollen, close work or air pollu- 
tion — Visine provides fast relief. It relieves the 
burning and itching, and its vasoconstrictor 
(tetrahydrozoline HCL) effectively removes 
redness from the eye. 


For this relief, more people already use 
Visine than any other eye drop. And this wide- 
spread acceptance plus Visine's extensive 
clinical testing means you can recommend 
Visine to your patients with confidence. 


*NDA Clinical *10-878 (1955-'57). Additional NDA Clinical 
*10-878 (1961). Subsequent Double-Blind Efficacy 
Studies (8/72, 9/76, & 2/77). (01978 Pfizer Inc. 


Visine Eye Drops is another quality product from Pfizer Inc. 
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OPHTHALMOLOGY BOARD REVIEW 
COURSE 


DECEMBER 4-8, 1978 
SPONSORED BY 


THE DEPARTMENT OF 
OPHTHALMOLOGY 


The University of Texas Health Science Center at Houston 
The Medical School 


Course Directors: Charles A Garcia M.D. 
Jack T. Holladay M.D. 


The Annual Ophthalmology Board And Recertification 
Review Course will begin at 7:00 a.m., Monday, December 
4 and end at 5:30, Friday, December 8. Lunch will be 
served each day. 


Tuition: $500.00 
For further information, contact: 


Department of Ophthalmology 
Hermann Eye Center 
Hermann Hospital 

1203 Ross Sterling 

Houston, TX 77030 


Phone: (713) 797-1777 


Our Quality? 


ask our 
customers. 





Our lenses are lathe-cut and 
hand polished from Polymethy!- 
methacrylate (Perspex CQ). 


Our quality... 


Intermedics 
(1E Intraocular Inc. 


© Intermedics Intraocular Inc., 1978, P.O. Box 617, Freeport, Texas 77541, Phone (713) 233-8611 WATTS 1-(800) 231-2330 / 231-2331 
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ANNUAL CLINICAL UPDATE 


Eastern Regional Meeting — Contact Lens Association of Ophthalmologists , Inc. 
TWO CONSECUTIVE EDUCATIONAL MEETINGS 


Wednesday, Thursday & Friday 
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Robert A. D'Amico, M.D. 
Director, Department of Ophthalmology 
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November 17, 2, & 3, 1978 
November 4, 1978 


‘ (i G. Peter Halberg, M.D. 


Meeting Coordinator 





COMPLICATIONS OF CATARACT AND 
OTHER INTRAOCULAR SURGERY 


Wednesday, November 1 


GLAUCOMA e CONTACT LENS 
G. Peter Halberg, M.D., Chairman 


Friday, November 3 


RETINA VITREOUS 
Charles L. Schepens, M.D., Chairman 


Ruth S L M.D., P Chai n 
Thursday, November 2 uth Stoddard Long, rogram Chairma 





CORNEA 

Robert A. D'Amico, M.D., Chairman REGISTRATION (Complications of Surgery) 
$240.00 (includes luncheon and a social function) 

INTRAOCULAR LENS $140.00 for Residents 


Richard D. Binkhorst, M.D., Chairman 21 Continuing Medical Education Credits, AMA Category | 
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SOFT CONTACT LENS UPDATE 


Saturday, November 4. This intensive, practical “Hands On” course will be under the direction of 
G. Peter Halberg, M.D., with the cooperation of the distinguished faculty and the major soft contact lens 
manufacturers. 
REGISTRATION (Soft Lens Update) $140.00 (includes luncheon) 
7 Continuing Medical Education Credits, AMA Category | 





C. Richard Elander, M.D. 
R. Linsy Farris, M.D. 
Gerald L. Feldman, Ph.D. 
John R. Finlay, M.D. 
William S. Hagler, M.D. 
Cary D. Hailey, Esq. 

G. Peter Halberg, M.D. 
Hikaru Hamano, M.D. 
Jack Hartstein, M.D. 
Jonathan Herschler, M.D. 


W. Edward Johansen, Esq. 
David B. Karlin, M.D. 
Irving Katz, M.D. 

Richard H. Keates, M.D. 
James J. Koverman 
Harvey A. Lincoff, M.D. 
Ruth Stoddard Long, M.D. 
Donald L. MacKeen, Ph.D 
Francis Manapoli, M.D. 
Leroy G. Meshel, M.D. 


Morton L. Rosenthal, M.D. 
H. Roth, M.D. 

Arnauld F. Scafidi, M.D. 
Charles L. Schepens, M.D. 
Murray Sibley, Ph.D. 

John Szabocsik, Ph.D. 
Max Talbott, Ph.D. 

William M. Townsend, M.D. 
Richard C. Troutman, M.D. 
Ernst van Beuningen, M.D. 
Oliver H. Dabezies, Jr., M.D. Paul R. Honan, M.D. Kiran Randeri, Ph.D. Wichard A. J. van Heuven, M.D. 
Robert A. D'Amico, M.D. Ronald P. Jensen, M.D. Charles D. J. Regan, M.D. Thom Zimmerman, M.D. 
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FACULTY 


John J. Alpar, M.D. 
Joseph A. Baldone, M.D. 
Richard D. Binkhorst, M.D. 
Jorge N. Buxton, M.D. 
Mary Bruch 

Delmar R. Caldwell, M.D. 
Dean Clements 


Support by the following firms is gratefully acknowledged: Soft Lenses, Inc. - Hydrocurve™ e Bausch & Lomb - Soflens 
Allergan Pharmaceuticals, Burton, Parsons & Company, Inc. e American Optical Company - AO Soft « Synemed - Fieldmaster 
Barnes-Hind Pharmaceuticals, Inc. « National Patent Development Corporation-Hydron 


For registration or information for Department of Ophthalmology 


either or both meetings, contact: St. Vincent's Hospital and Medical Center of New York 
153 West 11th Street, New York, New York 10011 
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Project a 
New Image 


Marco's new chart projector 
matches quality craftsmanship 
and economy with a sleek design 
to ennance the decor of your office. 
| The variable focus objective 
barrel provides accurate testing 
T ofvisual acuity for any refracting 
i stan ie from 10 to 20 feet. The 
iojector may be purchased 
ith your choice of a wall, 
ble, unit or floor mount, and 
is designed to accept most 
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FLORIDA MIDWINTER 
SEMINAR IN OPHTHALMOLOGY 
FEBRUARY 5-7, 1979 
AMERICANA HOTEL 
MIAMI BEACH, FLORIDA 
THE CATARACT OPERATION 


This Seminar is designed to assist the practicing ophthalmologist in giving 
informed consent and rendering second opinions; to review the complications of 
cataract surgery, the problems of aphakia; to discuss newer methods to 
compensate for aphakia; review recent surgical techniques: their indications, 
complications compared with "standard" intracapsular cataract extraction; review 
medical screening, anesthesia screening and "sitter" anesthesia. 


FACULTY 


John Clarkson, M. D. Roger Hiatt, M. D. 


Miami, Florida Memphis, Tennessee 
Nancy Davis, M. D. David Kasner, M. D. 
Miami, Florida Miami, Florida 

Richard K. Forster, M. D. Warren Lieberman, M. D. 
Miami, Florida Miami, Florida 


Antonio Gassett, M. D. 
Gainesville, Florida 


Frank Polack, M. D. 

Gainesville, Florida 

Edward Gelber Sigmund Rosen, M. D. 

Miami, Florida Miami, Florida 

The Florida Midwinter Seminar in Ophthalmology & Otolaryngology is co- 
sponsored by the University of Florida College of Medicine (Gainesville), the 
University of Miami School of Medicine (Miami), and the University of South 
Florida College of Medicine (Tampa). The program is accredited by the Council on 
Medical Education of the American Medical! Association, Category | of the 
Physician's Recognition Award. Registration fee is $150 for practitioners and $50 
for residents upon application from their Department Head. Mail registration fee 
(U.S. dollars only), payable to "Florida Midwinter Seminar, 405 Northeast 144th 
Street, Miami, Florida 33161. Special reduced rates have been arranged with the 
Americana Hotel, 9701 Collins Avenue, Miami Beach, Florida 33154. 








DIAGNOSTIC OPHTHALMIC ULTRASOUND 
AND MICROMETRIC DETERMINATION 
OF IOL POWER WITH COMPUTER ANALYSIS 


SPONSORED BY 
THE POST GRADUATE INSTITUTE OF 
THE NEW YORK EYE AND EAR INFIRMARY 
NOVEMBER 17, 1978 


D B B ale 
a LM ^ a 


RICHARD S. KOPLIN, M.D., CLYDE R. LOCKE, M.D. 
MARTIN GERSTEN 
NEW YORK EYE AND EAR INFIRMARY 
AND 
BARTON L. HODES, M.D. 
NORTHWESTERN UNIVERSITY 


The course will stress ocular diagnosis and implant power 
determination using various commercial and experimental ultra- 
sonic instruments and microprocessors. 


AMA-CME credits, Category 1: 8 
Registration fee: $75.00 


For registration and further information, please write: 


Jane Stark, Registrar 
Post-Graduate Institute 

New York Eye and Ear Infirmary 
310 East Fourteenth Street 

New York, New York 10003 
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transformers when using your indirect ophthalmoscope. The Electric Camel™ is an advanced 
rechargeable power supply in the form of a comfortable belt. It is ideal for use in the operating 
room. It can be worn under the surgical gown and activated by a pressure switch without breaking 
sterile technique. Its comfort for long wear lies in the fact that it is light and that its weight 





Free yourself from wall cords and 


The Electric Camel™ will provide continuous bright light for almost two hours. It has a self 
contained charger and can be recharged 500-1000 times. It can be used with A-O, Xonix, 
Keeler, and MIRA indirect ophthalmoscopes. Units have been in use for two years without decrease 
in output or capacity to re-charge. 

The Electric Camel™ was developed by Dr. Daniel Weidenthal and Dr. Howard Kohn at the 
Retina Service of one of Cleveland's leading hospitals. 


$350 Ohio residents add 5.5% sales tax 







OPTICS INCORPORATED + 1104 Euclid Avenue © Cleveland, Ohio 44115 * Phone (215) 421-5210 
Please ship The Electric Camel" for use with the indirect ophthalmoscope. 
C] Check enclosed, Optics, 5>, Inc. (pays the postage in USA) 
T p »2 « 
Ed [ ] Bill me plus postage. 
NAME 


ADDRESS 





ZIP 





| SURGIKOS' FABRIC 450* 
HEAD AND NECK PACK 
MAKES LINEN PACKS 
OBSOLETE. 


Faster, simpler draping for 
ophthalmic, plastic and ENT procedures. 


i FABRIC 450 handles, drapes and skillfully designed to combine speed and 
| conforms like linen. But it's lighter weight, simplicity of use, with the maximum number 
patientreacy folding, and pretaped edges of draping options. 
greatly expedite draping. The all-disposable BARRIER Head and 
It’s strong, cool, comfortable and soft Neck Pack also gives you the optimum 
because it's the first cloth-like fabric combination of procedural performance 
developed specifically for surgical packs and cost containment. Contact your 
and apparel. SURGIKOS representative for a product 
BARIRIER* Pack components are very demonstration. 
'"Tredemar««of Johnson & Johnson S U RG i KO S © Johnson & Johnson 1978 
á ^ fohmonahohmen COMPANY 
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PROBLEMS IN PEDIATRIC OPHTHALMOLOGY 
November 29-December 1, 1978 


This course is meant to focus on some of the current problems and 
controversies in pediatric ophthalmology. The course will be divided into five 
half day sessions each one of which will concentrate on a subspecialty interest 
area within pediatric ophthalmology. The session topics will include: 


Retrolental fibroplasia and retinal disease in children 
Cataracts and glaucoma 

Strabismus 

Pediatric neuro-ophthalmology 

Strabismus and plastic surgery 


The purpose of the course is to provide the participant with the data necessary 
for him to re-evaluate his own understanding and treatment program in the 
above areas. 


This program is presented by the Department of Ophthalmology and Extended 
Programs in Medical Education, University of California School of Medicine, 
San Francisco, California. This continuing medical education offering meets the 
criteria for 15 credit hours in Category 1 of the Physician’s Recognition Award 
of the American Medical Association and the Certification Program of the 
California Medical Association. 


The program will be held at the Plaza Square Ballroom, Hyatt Hotel on Union Square in San 
Francisco. The fee is $225.00. For further information please contact: Extended Programs in 
Medical Education, Room 569-U, University of California, San Francisco, California 94143 or 
call (415) 666-4251. 


It's the Original! 


t's the (Haag-Streib | 
Slit Lamp 900 


Originals have value in the healing 
arts as well as in the fine arts. 

The Haag-Streit Slit Lamp 900 is a 
prime example. 


























A product of decades of skill, the Slit 
Lamp 900 is made by the world’s 
ophthalmological instrument leader. 
It is in worldwide use. Some 10000 are 
at work in the U.S. alone. The 900 has 
features sometimes imitated but 
never duplicated; a "joystick" control 
for one-hand operation, a non- 
dazzling fixation target and others. 

It comes with a full line of associated 
equipment including photographic 
and depth-measuring devices. 

The Slit Lamp 900 is a masterpiece of 
original instrumentation as are all 
Haag-Streit products. 

If you are ready to make the lifetime 
investment that owning a true original 
represents, contact your Haag-Streit 
dealer.They will be glad to send you 
full information on the Slit Lamp 900 
and our many other fine products. 


Haag-Streit Service, Inc. 
Subsidiary of Haag-Streit AG., Berne, Switzerland 
P.O. Box 127, 6 Industrial Park 

Waldwick, New Jersey 07463 


(201) 445-1110 


Ihe |. 
Miochol 


Protective 
Zone 


The expanded zone of the iris produced by 
maximal miosis for protection of the vitreous face 
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Protective miosis ... in seconds 





Ta demonstrate how Miochol works, 
a series of surgical procedures per- 
formed by Hemert J. Nevyas, M.D. 
were filmed at the Scheie Eye Institute, 
Philadelphia, Pa. 

Preoperat ve orders called for a 
mydriatic: drop regimen of 2% cyclo- 
pentolate and 1096 phenylephrine, q 
10 minutes, starting one and one-half 
hours before scheduled surgery. Fol- 
lowing cataract removal, the anterior 
chamber was irrigated with 0.5 cc 
Miochol. 

Sequentia! photography and si- 
multaneous mot on picture filming per- 
mit the selection of Before photo- 
graphs showing the operative field at 
the moment before Miochol irrigation, 
when preoperative dilating drops and 
retrobulbar bloc« have produced max- 
imum dilation. 


MIOCHOL* 
(Acetyicholine Chloride) 
INTRAOCULAR 


See insert for ful’ prescribing information. 


Indications: To ebtain complete miosis in 
seconds, by irrigation of the iris after de- 
livery of the lens in cataract surgery, as 
weil as in penetrating keratoplasty, iridec- 
tomy and other anterior segment surgery 
where.racid, complete miosis may be re- 
quired. 

Contraindicatioms: There are presently no 
known contraindications to the use of 
MIOCHOL (acetylcholine chloride) Intra- 
ocular. 


e 


After photographs show the op- 
erative field following the instillation of 
Miochol. Sequential photos taken ap- 
proximately 1 second apart show the 
onset of miosis to a point of maximum 
miotic activity. 

Superimposition of the Before 
and After photographic images per- 
mits precise graphic visualization of 
the Miochol Protective Zone...the ex- 
panded zone of the iris produced by 
maximal miosis. 

Whether you use phacoemulsifi- 
cation, cryosurgical extraction, or con- 
ventional tumbling technique, con- 
sider Miochol for the prevention of 
prolapse and protection of the vitreous 
face during cataract surgery. You'll 
see the difference with prompt, pre- 
dictable Miochol. 


Precautions: 


In the reconstitution of the 


Filmed during surgery 

by Herbert J. Nevyas, M.D., 
at the Scheie Eye Institute, 
Philadelphia, Fa., 

William Nyberc, R.B.P., 
photographer 


Before 
Miochol 


Patient: A.M. 

(Male. Age 74} 

Dx: Posterior 
subcapsular cataract 
Procedure: 
Phacoemulsifization 


35 seconds 


after 
Miochol 


Elapsed time: 
Approximately 35 seconds 
Procedure: 

0.5 cc of 1% Miochol 
instilled in anterior chamber 


In cataract surgery, 
when seconds 
often matter... 





MIOCHOL 


(acetylcholine 
chloride 20 mg) 
provides protective 
miosis in seconds 


known adverse reactions to MIOCHOL 


solution, as described under Directions for 
Using Univial, if the center rubber plug 
seal in the univial does not go down or is 
down, do not use the vial. 

If miosis is to be obtained quickly 
and completely with MIOCHOL, obstruc- 
tions to miosis, such as anterior or pos- 
terior synechiae, may require surgery prior 
to administration of MIOCHOL. In cataract 
surgery, use MIOCHOL, only after delivery 
of the lens. 

Aqueous solutions of acetylcholine 
chloride are unstable. Prepare solution im- 
mediately before use. Discard any solution 
that has not been used. 

Adverse Reactions: There have been no 


(acetylcholine chloride) Intraocular. 


Warning: Do not gas sterilize 

1. Immediately before uze remove protec- 
tive cap. 2. Give plunger-stopper a quarter 
turn and press to force zolvent and center 
rubber plug into lower chamber. 3. Shake 
gently to dissolve selid. 4. Cleanse 
plunger-stopper top wit? 70% ethanol or 
other suitable germicide 5. Discard univial 


after use. ear 757-8 


SMITH, MILLER & PATCH 
Division Cooper Laboratories ( P.R.) Inc. 
San German, PR. 00753 
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For clearer 
examination: 
Halogen 
illumination 
is whiter 
and brighter. 


But not hotter. In fact our unique heat- 
reflecting illumination system means | 
less discomfort for your patient, and a. 
cooler lamp housing. 

The Exeter indirect ophthalmoscope 
incorporates a a fundamental advance 

in illumination techniques. The halogen 
lamp emits a whiter light (unlike the 
yellow of incandescents) and stays 
brighter much longer. Dichroic filters 
above and below the lamp let max- 
imum visible light travel toward the 
subject, at the same time reflecting 
most heat rays backwards out of 
the housing. 


There are many other features, too: 
The optics present an exceptionally 
wide field of view with excellent 
stereopsis; convenient controls adjust 
for height and mirror angle; and the 
entire assembly is comfortable and 
light. Options include red-free and cg 
cobalt filters, a double teaching mirror, 
and a scleral depressor. } 


Please use the coupon below to find. 
out more about this new and improved 
indirect ophthalmoscope, available 
only from Mentor Division of Codman, 
Randolph, Mass. 02368. Or call toll 
free 800-225-0460. 


[] Send me descriptive literature 
O Call me 

Name 

Address 


DIVISION 


©1976 Codman & Shurtleff, Inc. 
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9TH ANNUAL COURSE OF THE 
EDWARD S. HARKNESS EYE INSTITUTE 
COLLEGE OF PHYSICIANS AND SURGEONS, 
COLUMBIA UNIVERSITY 
NOVEMBER 16 & 17, 1978 


ADVANCES IN 
OCULAR 
THERAPEUTICS 


14 hours of credit in Category 1 of the 
Physician’s Recognition Award of the American 


- Medical Association 


The meeting will focus on recent advances in 
chemotherapy of ocular diseases. The speakers 
will include many experts in the non-surgical 
treatment of eye disease. The following areas 
will be covered: the treatment of ocular 
infection, ocular inflammation and allergy, use 
of medications in strabismus, a critical assess- 
ment of new drugs in the treatment of 
glaucoma, medical treatment of retinal vascu- 
lar disease and ocular tumors, the medical 
treatment of neuro-ophthalmic diseases, the 
medical management of corneal disease, and 
relevant current information on local and 
general anesthesia. 


Registration fee, $200; ESHEI Alumni $100; 
residents $100 (with letter from Director of 
Department). For further information. and 
application forms, please write to: — 

Dr. Elizabeth C. Gerst, Director 

Center for Continuing Education 

College of Physicians and Surgeons 

Columbia University 

630 West 168 Street 

New York, New York 10032 

(Telephone: 212-694-3682) 














FACULTY PLACEMENT SERVICE 
ASSOCIATION OF UNIVERSITY 
PROFESSORS 
OF OPHTHALMOLOGY, INC. 






The Faculty Placement Service of the Association 
of University Professors of Ophthalmology. Inc. is 
established to aid ophthalmologists, physicians in 
related fields, and vision research scientists inter- 
ested in becoming associated with University 
Ophthalmology Programs. This service funcuons by 
receiving information from applicants and distribut- 
ing this material to Ophthalmology Frogram 
Chairmen. 


Application forms may be obtained from the 
Secretary-Treasurer of the Association of University 
Professors of Ophthalmology, Inc. 


To participate in the Faculty Placement Service 
send the completed application form and a registra- 
tion fee of $15.00 to: 


George W. Weinstein, M.D. 

Professor and Head 

Division of Ophthalmology 

University of Texas Medical School at 
San Antonio 

San Antonio, Texas 78284 





GLAUCOMA SYMPOSIUM 
DECEMBER 7, 8, 9, 1978 


sponsored by 


DEPARTMENT OF OPHTHALMOLOGY 
UNIVERSITY OF SOUTH FLORIDA 
TAMPA, FLORIDA 33612 


Douglas R. Anderson, Miami 
Stephen M. Drance, Vancouver 
Joseph S. Haas, Chicago 
Jonathan Herschler, Miami 
Allan E. Kolker, St. Louis 
William E. Layden, Tampa 
Samuel D. McPherson, Jr., Durham 
Robert N. Shaffer, San Francisco 
Richard J. Simmons, Boston 
George L. Spaeth, Philadelphia 


For Information: 


William E. Layden, M.D. . 
Box 21 MDC 
USF Medical Center 
Tampa, Florida 33612 


Registration fee $175.00 
($50.00 Residents and Fellows) 





Introducing a new level 
of diagnostic convenience 


Ful Glo 


ein Sodium Strips 


special darrier > 


keeps f uid off - ES 


fingers 
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Non-absorbent | 


reinforeed handle | 


Sterile wrap 
opens easily 


— —rtip fits small 
| apertures 


Economical 
300-strip pack 


Your Barnes-Hind representative 
will be happy to supply you with 
a complimentary tray that 
combines Ful-Glo strips and 
Blinx® irrigating solution into a 
convenient ophthalmic system. 
Or write: 


Bar nes-Hind Pharm aceuticals, Inc. 
95 Kifer Roz 
Sunt 1yVvale, Cz alif ornia 94086 





NEW ORLEANS ACADEMY OF 
OPHTHALMOLOGY 


28th ANNUAL SYMPOSIUM ON 
MEDICAL AND SURGICAL 
DISEASES OF THE CORNEA 


March 31-April 4, 1979  * HYATT REGENCY NEW ORLEANS NEW ORLEANS, LOUISIANA 


GUEST SPEAKERS 


JOSE |. BARRAQUER, M.D. 
Refractive Keratoplasty: Indications, 
Contraindictions, Complications, 

Results and Technics 
Etiopathology of the Pterygium 


DAN B. JONES, M.D. 

Inflammatory Diseases of the Lid 
Bacterial, Fungal and Visual Keratitis 
Therapy of Corneal Perforation 


PERRY S. BINDER, M.D. 

Corneal Graft Preservation 

Corneal Anatomy, Physiology, and 
Wound Healing 

Contact lenses and Orthokeratology 


JORGE N. BUXTON, M.D. 
Visual Rehabilitation 
Keratoconus 

Special Corneal Problems 


MAX FINE, M.D. 

Technics in Phakia and Pseudophakia 

Corneal Regrafts 

The Recurrent Pterygium: Mucous Membrane 
Grafts 


RICHARD TROUTMAN, M.D. 

Refractive Keratoplasty in the U.S.A. 

Effects of Disparate Sized Graft to 
Recipient Opening 

Combined Keratoplasty Technics 


PETER R. LAIBSON, M.D. 

The Dry Eye 

Herpes Simplex 

Corneal Dystrophy—Anterior, Stromal, 
and Endothelial 


ANTHONY B. NESBURN, M.D. 

Herpes Simplex and Its Therapy 
Recurrent Herpes: Etiology and Pathology 
Permanent Wear Contacts 


DAVID PATON, M.D. 

Penetrating Keratoplasty—Indications 
Technics 

Contact Lenses and Keratoplasty 

Eccentric Tectonic Lamellar Grafts 


^ 


HYATT REGENCY NEW ORLEANS 
Registration—8:30 a.m., Saturday, March 31 
Pre-registration packets available 6:00-8:00 p.m. 

Fri., March 30 


SOCIAL EVENTS AND LADIES' TOURS PLANNED 





REGISTRATION FEE: $250.00 Practicing Ophthalmologists 
75.00 Residents Outside Louisiana ~ 
Accompanied by letter of identification from Chief of Service . 
CANCELLATION FEE: $25.00 after February 1, 1979 
FOR INFORMATION WRITE TO: New Orleans Academy 
of Ophthalmology 
931 Canal St., Suite 517 
New Orleans, LA 70112 
90 EXHIBIT SPACES AVAILABLE 





Let our genius 
supplement yours. 


The Coleman 








Ophthalmoscan 

provides accurate 

measurement 

and diagnosis 

five separate 

ways. er ae 
1. A-scan of tumor of the ciliary body showing 2. Immersion B-scan of the same melanoma 
ear rame pattern of a malignant with posterior vitreous hemcrrhage. 





xi 





~ 


3. ContactB-scan through a closed lid 4. Ophthalmoscan oscilloscope presentation 5. Magnified M-scan of the pcsterior segment 
shows distinctive “X” shape of vitreous showing characteristic A-scan pattern along of the globe showing arterio-*enous 

^ membranesand traction retinal detachment the visual axis and simultaneous readout of pulsations. 
in diabetic retinopathy. axial length in millimeters. 





Optimum accuracy and thoroughness in ocular and orbital diagnoses are guaranteed with the Coleman Ophthalmoscan, the 
werid s most saphisticated ultrasonic diagnostic instrument for ophthalmology. It takes only minutes to complete 

an ocular andorbital examination. Simultaneous A-scan and B-scan images are augmented by M-scan; Real- ime, contact 
B-scan; and biometric displays. Patient preparation is minimal. requiring a simple water bath to maximize image 

quality. Photographic documentation is simple and instant. Call Sonometrics collect (212) 765-826, 

or send this coupon for details. 






COLE VIAN 


OPHTHAL- 
MOSCAN 


SONOMETRICS 
SYSTEMS, INC. 


16 West 61st Street 
New York, N.& 10023 





See us in: Kansas City, AAO +1107, 1108 
San Diego, AIUM +55, 56 
Chicago, RSNA #2413 





NAME 





ADDRESS 





= ZIP 





PHONE ( 





(vidarabine 
Ophthalmic 
ointment), 3% 


Description. Vira-A (vidarabine, adenine arabinoside, or Ara-A) is 
an antiviral drug for topical ophthalmic administration. The chemi- 
cal name is 9-8-D-arabinofuranosyladenine. Each gram of the 
ophthalmic ointment contains 30 mg of vidarabine monohydrate 
equivalent to 28.11 mg of vidarabine in a sterile, inert, petrolatum 
base. 

Clinical Pharmacology. Vira-A is a purine nucleoside obtained 
from fermentation cultures of Streptomyces antibioticus. 
Vira-A possesses in vitro and in vivo antiviral activity against 
Herpes simplex types 1 and 2, Varicella-Zoster, and Vaccinia 
viruses. Except for Rhabdovirus and Oncornavirus, Vira-A does 
not display in vitro antiviral activity against other RNA or DNA 
viruses, including Adenovirus. 

The antiviral mechanism of action has not been established. 
Vira-A appears to interfere with the early steps of viral DNA syn- 
thesis. Vira-A is rapidly deaminated to arabinosylhypoxanthine 
(Ara-Hx), the principal metabolite. Ara-Hx also possesses in vitro 
antiviral activity but this activity is less than that of Vira-A. 
Because of the low solubility of Vira-A, trace amounts of both 
Vira-A and Ara-Hx can be detected in the aqueous humor only if 
there is an epithelial defect in the cornea. If the cornea is normal, 
only trace amounts of Ara-Hx can be recovered from the aqueous 
humor. 

Systemic absorption of Vira-A should not be expected to 
occur following ocular administration and swallowing lacrimal 
secretions. In laboratory animals, Vira-A is rapidly deaminated in 
the gastrointestinal tract to Ara-Hx. 

In contrast to topical idoxuridine, Vira-A demonstrated less 

auar toxicity in the regenerating corneal epithelium of the 
rabbit. 
Indications and Usage. Vira-A Ophthalmic Ointment, 3%, is indi- 
cated for the treatment of acute keratoconjunctivitis and recur- 
rent epithelial keratitis due to Herpes simplex virus types 1 and 2. 
Vira-A is also effective in superficial keratitis caused by Herpes 
simplex virus which has not responded to topical idoxuridine or 
when toxic or hypersensitivity reactions to idoxuridine have oc- 
curred. The effectiveness of Vira-A Ophthalmic Ointment, 3%, 
against stromal keratitis and uveitis due to Herpes simplex virus 
has not been established. 

The clinical diagnosis of keratitis caused by Herpes simplex 
virus is usually established by the presence of typical dendritic or 
geographic lesions on slit-lamp examination. In controlled and 
uncontrolled clinical trials, an average of seven and nine days of 
continuous Vira-A Ophthalmic Ointment, 3%, therapy was re- 
quired to achieve corneal re-epithelialization. In the controlled 
trials; 70 of 81 subjects (86%) re-epithelialized at the end of three 
weeks of therapy. In the uncontrolled trials, 101 of 142 subjects 
(71%) re-epithelialized at the end of three weeks. Seventy-five 
percent of the subjects in these uncontrolled trials had either not 
healed previously or had developed hypersensitivity to topical 
idoxuridine therapy. 

The following topical antibiotics: gentamicin, erythromycin, 
chloramphenicol; or topical steroids: prednisolone or dex- 
amethasone, have been administered concurrently with Vira-A 
ab Ointment, 3%, without an increase in adverse reac- 
ions. 

Normally, corticosteroids alone are contraindicated in Herpes 
simplex virus infections of the eye. If Vira-A Ophthalmic Ointment, 
3%, is administered concurrently with topical corticosteroid 
therapy, corticosteroid-induced ocular side effects must be con- 
sidered. These include corticosteroid-induced glaucoma or cat- 
aract formation and progression of a bacterial or viral infection. 

Vira-A is not effective against RNA virus or adenoviral ocular 
infections. Vira-A is also not effective against bacterial, fungal, or 
chlamydial infections of the cornea or nonviral trophic ulcers. 
Contraindication. Vira-A Ophthalmic Ointment, 3%, is contraindi- 
cated in patients who develop hypersensitivity reactions to it. 
Warnings. Use in Pregnancy: Vira-A (vidarabine) parenterally is 
teratogenic in rats and rabbits. Ten percent Vira-A ointment ap- 





plied to 10% of the body surtace during organogenesis induced 
fetal abnormalities in rabbits. When 10% Vira-A ointment was ap- 
plied to 2 to 3% of the body surface of rabbits, no fetal abnor- 
malities were found. This dose greatly exceeds the total recom- 
mended ophthalmic dose in humans. The possibility of embryonic 
or fetal damage in pregnant women receiving Vira-A \vidarabine 
ophthalmic ointment), 395, is remote. The topical ophthalmic dose 
is small, and the drug relatively insoluble. Its ocular penetration is 
very low. However, a safe dose for a human embryo or fetus has 
not been established. Consequently, Vira-A should be used only 
when clearly indicated. 

It is not known whether Vira-A is excreted in human milk. As a 
general rule, because many drugs are excreted in human milk, 
nursing should not be undertaken while a patient is under treat- 
ment. However, excretion of vidarabine in breast milk is unlikely 
because Vira-A is rapidly deaminated in the gastrointestinal tract. 

Mutagenic Potential: Results of in vitro experiments indicate 
that vidarabine can be incorporated into mammalian DNA and can 
induce mutation in mammalian cells (mouse L5178Y cell line). 
Thus far, in vivo studies have not been as conclusive, but there is 
some evidence (dominant lethal assay in mice) that vidarabine 
may be capable of producing mutagenic effects in male germ 
cells. 

It has also been reported that vidarabine causes chromosome 
breaks and gaps when added to human leukocytes in vitro. While 
the significance of these effects in terms of mutagenicity is not 
fully understood, there is a well-known correlation between the 
ability of various agents to produce such effects and their ability 
to produce heritable genetic damage. 

Oncogenic Potential: Chronic parenteral (IM) studies of 
vidarabine have been conducted in mice and rats. 

In the mouse study, there was a statistically significant in- 
crease in liver tumor incidence among the vidarabine-treated 
females. In the same study, some vidarabine-treated male mice 
developed kidney neoplasia. No renal tumors were found in the 
vehicle-treated control mice or the vidarabine-treated female 
mice. 

In the rat study, intestinal, testicular, and thyroid neoplasia oc- 
curred with greater frequency among the vidarabine-treated 
animals than in the vehicle-treated controls. The increases in 
thyroid adenoma incidence in the high-dose (50 mg/kg) males 
and the low-dose (30 mg/kg) females were statistically signifi- 
cant. 

Hepatic megalocytosis, associated with vidarabine treatment, 
has been found in short- and long-term rodent (rat and mouse) 
studies. It is not clear whether or not this represents a pre- 
neoplastic change. 

The recommended frequency and duration of administration 
should not be exceeded (see Dosage and Administration). 
Precautions. The diagnosis of keratoconjunctivitis due to Herpes 
simplex virus should be established clinically prior to prescribing 
Vira-A Ophthalmic Ointment, 3%. 

Patients should be forewarned that Vira-A Ophthalmic Cint- 
ment, 3%, like any ophthalmic ointment, may produce a temporary 
visual haze. 

Although viral resistance to Vira-A has not been observed, this 
possibility may exist. 

Adverse Reactions. Lacrimation, foreign-body sensation, con- 
junctival injection, burning, irritation, superficial punctate 
keratitis, pain, photophobia, punctal occlusion, and sensitivity 
have been reported with Vira-A Ophthalmic Ointment, 3%. The 
following have also been reported but appear disease-related: 
uveitis, stromal edema, secondary glaucoma, trophic defects, cor- 
neal vascularization, and hyphema. 

Overdosage. Acute massive overdosage by oral ingestion of the 
ophthalmic ointment has not occurred. However, the rapid 
deamination to arabinosylhypoxanthine should preclude any 
difficulty. The oral LD50 for vidarabine is greater than 5,020 mg/ 
kg in mice and rats. No untoward effects should result from inges- 
tion of the entire contents of a tube. 

Overdosage by ocular instillation is unlikely because any ex- 
cess should be quickly expelled from the conjunctival sac. Too 
frequent administration should be avoided. 

sage and Administration. Administer approximately one half 
inch of Vira-A Ophthalmic Ointment, 3%, into the lower con- 
junctiva! sac five times daily at three-hour intervals. 

If there are no signs of improvement after 7 days, or complete 
re-epithelialization has not occurred by 21 days, other 4orms of 
therapy should be considered. Some severe cases may require 
longer treatment. 

After re-epithelialization has occurred, treatment for an addi- 
tional seven days at a reduced dosage (such as twice daily) is 
recommended in order to prevent recurrence. m 
How Supplied. N 0071-3677-07 (Stock 18-1677-139) ' 

Vira-A Ophthalmic Ointment, 3%, is supplied sterile in 
ophthalmic ointment tubes of 3.5 g. The base is a 60:40 mixture 
of solid and liquid petrolatum. UK 

PARKE-DAVIS 
Division of Warner-Lambert Company 


PD-JA-2320-1-P (5-78) Morris Plains, NJ 07950 


A LOGICAL FIRST CHOICE FOR 


(vidarabine ophthalmic ointment), 


4 


Not only as effective 


as IDU in treating 


Herpes simplex virus 


keratitis... 


Clinical Evidence 
VA E 
Controlled Trials 


ira-A | 
Jncontrolled Trials 





4o OTE: In the controlled and uncontrolled trials, 70 and 101 subjects, AU MG Moe 
'espectively, re-epithelialized at the end of three weeks on Vira-A. Vira-A is preservative-free. 


Jata on file, Medical Department, Parke-Davis. 


Please see prescribing information on preceding page. | PARKE-DAVIS 
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DA-LAUR S 
ENERGY CONSERVATION 
PROGRAM 


The energy you'll conserve is your own. And 


all the programming you'll need is in this beau- 
tiful Omnibus Examining Center by Da-Laur. 


It's a modular control console combining qual- 


ity electricals, finest woodworking craftsman- 


ship and years of refinement developed by 
practicing eye specialists. 


It will prevent loss of time and wasted motion, 
because you sit in one spot and operate every- 
thing ... room lights, instruments and testing 
devices... by remote controls right at your 
fingertips . . . built-in foot control switch for 





Designed by ophthalmologists for ophthalmologists. 


dalaur 
b d 


slit lamp and room lights. 


You can even turn room lights off and fixa- 
tion lights on by simply lifting your ophthalmo- 
scope. 


Da-Laur will design an Examining Center to 
your personal working requirements. In addi- 
tion to the base unit with writing slide, six 
always-accessible drawers and illuminated trial 
lenses... you can have just about any com- 
bination of features you want. Desk extension 
and case to protect your instruments are but 
two of the options. 





Write or call today, and we'll show you 
the way to conserve time, motion and energy. 


DA-LAUR INCORPORATED 
Dept. A, 140 Crescent Road 
Needham Heights, Mass. 02194 
(617) 444-3690 
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The world of ophthalmic surgery in one remarkable volume: 


The Atlas of 
. and Related Anatomy 





Here unquestionably is one of the most comprehen- Considering these factors, the $88.00 price for this 
sive books or eye surgery in existence: A monu- 9" x 13" case-bound leatherette-cover book is ex- 
mental resousce and reference work with detailed tremely modest. 

descriptions »f surgical procedures, invaluable not The Atlas of Eye Surgery and Related Anatomy is 


enly to the resident but to the accomplished micro- 
surgeon as well. The book is edited by Frederick H 
Davidorf and illustrated by Donald A. Keller. The 10 
authors, among whom are William H. Havener and 
Richard H. Keates, are academicians as well as clini- 
cians and are highly recognized in their respective 
subspecialties. Step by step, the edition describes 
cataract, e 3e s Seal retinal, vitreous, | Ophthalmology Illustrated 
strabismus, lecrimal and lid surgery. Each major sec- A Division of Keller Publishing Co. 
tion is prececed by a concise review of the relevant PO Box 2566, Columbus, Ohio 43216 

^. surgical anatemy —an essential element frequently 
omitted in tocay s volumes. 


The Atlas of Eye Surgery and Related Anatomy is 
what an atlas-should be above all else: Graphic. Its 


truly a work of art and will probably become a stan- 
dard piece in every ophthalmologist's reference and 
resource library. To order YOUR copy now . . . return 
the coupon below. 


Please send me. copies of The Atlas of 
Eye Surgery and Related Anatomy at $88.00 each 
postpaid. (In Ohio add 496 sales tax) 

O My check or money order in the amount of 





pages (appreximately 300) are replete with perhaps $ is enclosed. 
some of the most extraordinary illustrations ever to Baiia 
appear in a surgical atlas — over 400 in all. These | 
the result of exhaustive histological research, actually | Name 
advance the state of the art of ophthalmic illustration. 
Unlike line drawings, they combine line techniques Address 
with airbrushed tonal values. The result is a startling 
new realism which provides fresh insights and per- City 
gpectives 
» In view of the specialized nature of the contents and Gtate Zip Code 


the exceptional production qualities of the Atlas, a 


| 
| 
| 
| 
| 
| 
hitherto unpublished anatomic drawings which are : 
| 
| 
| 
| 
| 
very limited number of volumes have been printed. | 
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THE EYE FOUNDATION OF AMERICA 
PRESENTS A 


GLAUCOMA SYMPOSIUM 
FEBRUARY 9 AND 10, 1979 


The Royal Orleans Hotel 
621 St. Louis Street 
New Orleans, Louisiana 70140 
Telephone: 504-529-5333 


SYMPOSIUM CHAIRMAN: 
GEORGE M. HAIK, M.D. 


GUEST SPEAKERS 
Andrew de Roetth, Jr., M.D. 
Institute of Ophthalmology 
Columbia Presbyterian Hospital 


George L. Spaeth, M.D. 
Temple University 


H. Dunbar Hoskins, Jr., M.D. 
University of California 
San Francisco, California 


B. Thomas Hutchinson, M.D. 
Harvard University 


David G. Campbell, M.D. 
Emory University 


David K. Dueker, M.D. 
Howe Laboratory 
Massachusetts Eye and Ear Infirmary 


TUITION: 
Practicing Physicians $150.00 
Residents No Tuition 


The Eye Foundation of America certifies that this continuing 
medical education activity meets the criteria for 14 hours of 
credit in Category 2 for the Physician’s Recognition Award 
of the American Medical Association. 


FOR REGISTRATION AND FURTHER INFORMATION 
PLEASE CONTACT: 


Kenneth G. Haik, M.D. 
Symposium Coordinator 

The Eye Foundation of America 
823 Maison Blanche Building 
New Orleans, Louisiana 70112 
Telephone: 504-581-3714 


December 26, 1978 to January 1, 1979 
Condado Hilton, Puerto Rico 
University of Puerto Rico-Mercy Hospital 

hakia 
Rehabilitation of the Cataract Patient 
Aphakic Glasses 
Extended Wear Contact Lenses 
Intraocular Lenses 


The symposium will be organized to bring together acknowledged authorities 
in the three disciplines of aphakia rehabilitation. Controversial topics will be 
explored together with recognized techniques to determine the-safe method 
for treating the cataract patient. 

Free papers related to the three topics are invited. This course iszapproved for 
Credit hours towards Category 1 of the AMA Physicians Recognition Award. 


MODERATORS: 

Intraocular Lens—Drs. M.L. Kwitko, D. Shepard, D. Hiles, M. Galin 
Aphakic Spectacles—Drs. M.N. Miranda, 0.H. Dabazies, G.P. Halberg 
Extended Wear Contact Lenses—Drs. W. Townsend, R. Morrison, H.A. Stein 
Extracapsular Surgery—Drs. L. Katzen, J. Hartstein, H. Gould, D. Praeger 


Additional Faculty will be announced at a later date. 
Program Chairmen: Dr. M.N. Miranda, San Juan, Dr. M.L. Kwitko, Montreal 
and Dr. L.E. Katzen 
Registration Fee $200.00 


For information please write 
Stuart Haman 
333 St. Pauls Place 
Baltimore Maryland 21202 
Interested parties are advised to make travel arrangements with 
Travel Whirl Inc 
1301 York Road 
Lutherville Maryland 21208 


PRACTICE 
INDIRECT BINOCULAR 
OPHTHALMOSCOPY 





f fts 5 
As described in Arch Ophthal - Vol 85, May. 1971 


For information write to: MODEL EYE 
5827 ConwayRd. Bethesda, Md.20034 
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Three 
Practical 


Solutions To 
Soft Contact 
Lens Care 
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Sterile Sterile, Preserved 


Lens Lubricant Daily Cleaner Saline Solution 

Sterile salution for in-the-eye A daily-use sterile solution that A premixed, buffered solution 

lubricatien and rewetting of soft helps remove mucus and de- for heat disinfection, rinsing, ` 

and harc contact lenses. Avail- posits from lens surfaces to help and storage of soft contact 

able in C 5 oz. bottles. keep them clean and clear. lenses. Available in 4 oz. and 
Supplied in 1.5 oz. bottles. 8 oz. bottles. 


One name to remember... That's Bausch & Lomb...for a complete product line that 
provides added convenience to you and your soft contact lens patients. 


Now al: Bausch & Lomb products are available in blue and green packages for easy 
recogmtion. It's easy for your patients to select just the right product that is now available 
for use with their lenses. 


Threemew items now supplied in Care Kits. Your newly fitted patients will be 
able tostart the new care and cleaning regimen with samples included in their Care Kits. 
Replacement solutions for all patients can be obtained through you or at the local pharmacy. 


Introductory Offer for New Care Products from Bausch & Lomb October 2— December £, 1978 
| Regular Cost Promotional Cost Order Quartity 
Promotional Minimum Minimum Stated in 
Product Reorder No. Allowance Order Qty. Cost Order Qty. Cost Individual Uaits 
Saline Solutien 8 oz. 620103  1FREE with 11 12 $13.44 12 $12.32 
Saline Solutimn 4 oz. 620102 — 1FREE with 11 12 $ 9.60 12 S 8.80 
Daily Cleane- 1.5 oz. 621002  1FREE with 11 12 $17.28 12 $15.84 
‘Lens Lubricant 0.5 oz. 622001  1FREE with 11 12 $17.28 12 $15.84 
Counter Display 629002 8 1/396 off plus 1 $33.92 1 $29.09 
Assortment* $2.00 display 
allowance 
Lens Carrying Case 140307-350 1 FREE with 5 6 $19.50 6 $16.25 
Disinfecting Jnit II 140375  1FREE with 11 1 $23.00/ 12 $253.00 
| $276.00 
per doz. 
‘Care Kit Il a 140384  1FREE with 11 1 $29.50/ 12 $324.50 
| $354.00 
s per doz. 





* Counter Display Includes: 12—8 oz. Saline  4—40z. Saline  6—Daily Cleaner  6—Lens Lubricant- 

Other promoticnal items and advertising allowance available. Please contact your SOFLENS Division representative for details. indicate 
quantity of careproducts you wish to order and fill in name and address below. Please include account number. Send to Bausch & Lomb, 
SOFLENS Division, Dept. 3304, 1400 N. Goodman Street, Rochester, NY 14602. 


| . 1 » 
a 
Name | Account Number 








City State, Zip 


Red to 
Prefrin 


white... 


almost as 
quick as 
a wink. 


Prefrin'" can quickly put the “white” 
back into your patients’ red eyes. But 
of course, that's not all that counts. Your 
patients also want relief from the irri- 
tation. They want to look and feel bet-er, 
too. With fast-acting Prefrin, they can 
get all that. 


Many of today’s patients are very active. 
They love the outdoors — swimming, 
backpacking, skiing, tennis — but they 
are constantly abused by poo! chlorine, 
sun, smog, or dust. Soothing, eomfort- 
ing Prefrin gets rid of redness quickly. 

In addition, your contact lens wearers 
can find relief from overwear and 

tired eyes. 
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Ky And Prefrin contains unique Liquifilm® 
Jj (polyvinyl alcohol 1.496), a lubricating 
vehicle that puts the ^wet" back into 


their eyes. 


Recommend Prefrin™ Liquifilm® for 
your patients’ red-eye relief. 


Prefrin 


AlleRGAN Pharmaceuticals, Inc., 
© Irvine, California 92713 
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. Editorial 


| 


The International Congress in Japan 


he International Congress was 

heid in Kyoto, the old imperial 
capital of Japan, during the third 
week of May 1978. 

Ophthalmology bas held interna- 
tional congresses fer more than 100 
years. This was the first time that a 
congress took place in the Far Orient. 
(The only preceding International 
Congress held in Asia was in 1962 in 
New Delhi.) This congress was organ- 
ized by the Japanese Ophthalmologi- 
cal Society and proved to be a tremen- 
dous success. Nearly 6,000 partici- 
pants registered for a week of 
uninterrupted scientific and social 
activities. 

The meeting was held in the 
moderm and luxurisus new Interna- 
tional Convention Hall, which lies 
somewhat outside ef the city in the 
middle of beautiful gardens. The facil- 
ities were superb and simultaneous 

translation was previded for in the 
official languages, Japanese, English, 
French, and Spanish. 

The opening session was a most 
festive event. The Kyoto Symphony 
Orchestra began the festivities punc- 
tually at 10 i baa Sunday by playing 
one piece of à stern music and one 
piece of Eastern music. The congress 


| 


: 


Arch Opnthalmol—Vol 96, Oct 1978 


was then officially opened by Profes- 
sor Saiichi Mishima, the secretary 
general of the congress. The welcom- 
ing address was given by Professor 
Akira Nakajima, president of the 
congress. The ceremony was honored 
by the presence of his Imperial High- 
ness the Crown Prince Akihito, who 
delivered a congratulatory message. 
The Gonin Prize, which is awarded 
every four years by the International 
Council, was presented by Professor 
Jules Francois of Belgium to Profes- 
sor Norman H. Ashton of London. 

The scientific meeting was organ- 
ized around two main themes. The 
first one was immunopathology of the 
eye and the second concentrated on 
the retinal pigment epithelium. Both 
themes were discussed in beautiful 
and most informative lectures. All 
these main communications were de- 
livered in a masterful way and special 
recognition has to be given to Dr 
Young of UCLA who delivered one of 
the best lectures one can hope to 
hear. 

In addition to the two main themes, 
nearly 400 individual papers were 
presented. All of them were grouped 
according to topics and frequently 
three or four parallel sessions were 


held. There were also teaching ses- 
sions early in the morn ng and movie 
presentations during the day. 

There were a good number of scien- 
tific exhibits and large aalls of indus- 
trial exhibits demonstrating equip- 
ment of the most sophisticated and 
advanced type. 

The social functions were superb 


and interesting. One could view a 


Japanese play, observe Japanese 
dancers, and see one cf the old and 
historie processions through the city. 
Many official and unofficial dinners 
and banquets were organized by the 
Japanese hosts, all of which added to 
the luster of the event. 

The Japanese ophtha mologists can 
be proud of the success of this Inter- 
national Congress. Their organiza- 
tional talents have to b» admired. All 
the events were on schedule and 
evolved like clockwork. We in America 
have the diffieult task of trying to 
follow the splendid example when we 
begin to organize the next Interna- 
tional Congress, which will be held in 
San Francisco, Oct 31 tarough Nov 5, 
1982. 


F. C. BLoDI, MD 
Iowa City 
Editorial 1797 
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Clinical Sciences 


Lensectomy and Vitrectomy 


for Complicated Cataract 


secondary to Uveitis 


James G. Diamond, MD, Henry J. Kaplan, MD 


e Combined lensectomy-vitrectomy 
was performed on 13 patients (15 eyes) 
with complicated cataracts from uveitis. 
Preoperative visual acuities were 20/200 
or less for at least one year. The postoper- 
ative follow-up period averaged 10.5 
months with visual acuities of 20/25 or 
better in eight eyes, 20/70 in two eyes, 
and 20/100 to 20/400 in five eyes. The 
primary cause of decreased vision post- 
operatively was cystoid macular edema 
with frequently associated optic disc 
edema. 

(Arch Ophthalmol 96:1798-1804, 1978) 


KX aura of uncertainty surrounds 
the surgical management of 
complicated cataract associated with 
uveitis. Although occasional reports in 
the literature advocate surgery for 
complicated cataract,'* most ophthal- 
mie surgeons avoid or delay lens 
extraction because of the technical 
difficulties and the chronic nature of 
the disease process. Planned extracap- 
sular lens extraction is often per- 
formed because of the patient's young 
age and the mature nature of the 
cataract. The retention of lens materi- 
al and/or vitreous loss is not uncom- 
monly followed by severe postopera- 





Accepted for publication Feb 20, 1978. 

From the Department of Ophthalmology, 
University Hospitals, Iowa City. 

Reprint requests to Department of Ophthal- 
mology, University of Iowa Hospitals, Iowa City, 
IA 52242 (Dr Diamond). 
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tive inflammation, which frequently 
leads to the development of pupillary 
membranes, vitreous opacities, macu- 
lar edema, and ocular hypotonia. 
Furthermore, lens extraction does not 
alter the basic disease process and the 
ultimate visual prognosis often re- 
mains poor.’ 

These considerations have  pro- 
moted a conservative approach to the 
surgical management of complicated 
cataract secondary to uveitis. Howev- 
er, recent inroads in oeular immunolo- 
gy and surgical vitrectomy have 
opened new avenues of management 
to this complex problem. Extensive 
laboratory investigations on rabbits 
with experimental protein-induced 
uveitis have suggested the feasibility 
of performing a combined lensecto- 
my-vitrectomy in chronically in- 
flamed eyes.‘ This report details the 
results of combined  lensectomy- 


vitrectomy on 15 consecutive human 


eyes with complicated cataracts sec- 
ondary to uveitis. 


MATERIALS AND METHODS 
Case Selection 


Patients were included in this study if 
they fulfilled the following criteria: (1) 
documented recurrent episodes of anterior 
or posterior uveitis or panuveitis; (2) cata- 
ract formation secondary to recurrent 
episodes of inflammation; and (3) visual 
acuity less than or equal to 20/200. 

Despite a thorough medical examination, 


the majority of conditions of our patients 
were diagnosed as idiopathic uveitis (irido- 
cyclitis, five cases and pars-planitis, four 
cases). The remaining four patients had 
uveitis associated with Behcet’s disease, 
ankylosing spondylitis, atopic dermatitis, 
and Reiter’s syndrome (Table). Their uvei- 
tis was present from one to 20 years, with 
an average of 6.6 years. Their ages ranged . 
from 12 to 61 years, with an average o? 32.2 
years. 

Visual acuity in each eye that was to 
undergo surgery was 20/25 or better but 
deteriorated to 20/200 or worse within an 
average of five years from the onset of 
uveitis. This progressive visua! impairment 
was due to secondary cataract formation in 
all but eye la, which had a dense aphakic 
pupillary membrane. Of the remaining 
cases, nine had a mature eataract anc five 
had posterior subcapsular plaques. P-eop- 
erative vision was light perception (LP) in 
three eyes, counting fingers (CF) in eight. 
eyes, and 20/200 or worse in four eyes. In 
all cases the decrease in visual acuity was 
believed to be compatible with the density 
of the secondary cataract. However, preop- 
erative echography and electroretinogra- 
phy were performed to exclude unsus- 
pected intraocular pathological findinzs. 

Echography was performed with a com- 
bined contact A- and B-scan technique, as 
popularized by Ossoinig.® The objective of 
the preoperative examination was to 
exclude an unsuspected tumor retinal 
detachment, or severe macular disease. 
However, special emphasis was placed on 
the presence of vitreous opacities, posterior 
vitreous detachment, and thickening cf the 
retinochoroid layer.** PA, D 


Lensectomy and Vitrectomy—Diamond & Kaplan 


Electroretinography was performed 
with a single electronie flash using a bipo- 
lar contact lens electrode after ten minutes 
of dark adaptation with a flash photostim- 
ulator and an amplfier with a time 
constant of one second. The upper frequen- 
cy limit was 1,000 Hz; recordings were 
made oma cathode ray-»oscillograph. Preop- 
erative electroretinograms (ERGs) were 
generally not helpful i evaluating retinal 
function primarily berause of dense sec- 
ondary eataracts and small pupils. | 

À detailed medical history was taken and 
an extensive ocular examination was 
performed on each patient. Routine labora- 
tory studies included a complete blood cell 
count, urinalysis, serum electrolyte deter- 
mination, serum protein electrophoresis, 
serum immunoelectrephoresis, an ECG, 
and chest and lumboszzral spine roentgen- 


ograms. 


Preoperative Preparation 


Patients were considered for surgery if 
there were noevidence of recurrent uveitis 
during the preceding four weeks. Four 
. days prior to hospitalization they were 
started on a regimen of oral prednisone 20 
mg every eight hours, topical 1% predniso- 
lone acetate (P 
a day), gentamicin su fate (Garamycin, 1 
drop four times a day) and scopolamine (1 
drop twice a day). Ther were admitted two 
days before surgery znd carefully exam- 
ined. If slit-lamp examination showed a 
greater than +1 flare er cell in the anterior 
chamber, topical steroids were increased to 
every heur and oral prednisone to 20 mg 
every 6 hours. Surgery was canceled if 
more than a + l flare and cell were present 
in the anterior chamber 12 hours prior to 
the operation. Case 1 is the only exception. 
This patient had a previous intracapsular 
lens extraction and three months later a 
severe postoperative mflammatory pupil- 
lary membrane with elevated pressure 
developed. Smigery was performed in the 
presence of a +2 flare and eell that failed 
to respend " intense topical and oral 
steroid treatment. 


| 
Operative Procedure 


Local and/or general anesthesia was 
used for surgery. Superior and inferior 
rectus traction sutures were inserted 
followed by preparation of a sclerotomy 
site in the superior temporal quadrant 3.5 
mm from the corneescleral junction. A 
3-mm scleral i cision was made parallel to 
the limbus followed bz the insertion of a 
2mm wide, disposable blade through the 
choroid and into the lens.* Vitrectomy was 
carried out in ‘cases 1, 2, and 3 with a 
Peymanss vitreophage and light-pipe at- 
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ed Fore, 1 drop four times - 


tachment. We subsequently found that 
side illumination with a separate intraocu- 
lar light pipe that was inserted 3.5 mm 
from the limbus in the superior nasal 
quadrant afforded better visualization of 
any fine filamentous, translucent vitreous 
membranes. Therefore, the remaining 12 
eyes had a vitrectomy using the Peyman’s 
vitreophage and separate light source. A 
partial vitrectomy, ie, central coring to the 
midperiphery, was performed in the face 
of poor results that were encountered when 
a complete vitrectomy was performed in 
animals with experimentally induced uvei- 
tis.’ The iris was avoided as much as possi- 
ble; however, a sector iridectomy or sphinc- 
terotomy was performed when pupillary 
dilation was inadequate. At the termina- 
tion of the procedure, 400 ug of dexameth- 
asone (Decadron) was injected intravitreal- 
ly through the sclerotomy site. The site was 
then closed with interrupted 9-0 monofila- 
ment nylon sutures. The conjunctiva was 
approximated with an interrupted 7-0 
chromic catgut suture and 20 mg of 
gentamicin sulfate was administered sub- 
conjunctivally. 


Postoperative Management 


Both topical and oral steroids were 
continued at preoperative levels for five 
days after surgery. They were then 
tapered as the flare and cell in the anterior 
segment decreased. Oral prednisone was 
discontinued for all patients by four weeks 
postsurgery. 

Patients were seen at weekly intervals 
during the first postoperative month, then 
at monthly intervals for three visits, and 
every six months thereafter. At three 
months fluorescein angiography and elec- 
troretinography were performed and Gold- 
mann's visual fields were determined. The 
final spectacle correction was reported 
when the eye was quiescent (ie, with mini- 
mal cell and flare) and no further visual 
improvement could be obtained or after 
three months had elapsed. 


RESULTS 
Visual Acuity 


Postoperative visual acuities were 
20/25 or better in eight eyes, 20/70 in 
two, and 20/100 or less in the remain- 
ing five. The postoperative follow-up 
period ranged from 4 to 27 months 
(average, 10.5 months) The macula 
appeared normal in seven of the eyes 
that were operated on and each eye 


had a visual acuity of 20/25 or better 


(Fig 1). One eye (case 10) had cystoid 
macular and optie dise edema immedi- 
ately postoperatively, with a visual 
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acuity of 20/100; withir three months 
the visual acuity improved to 20/25 
with eomplete resolutien of macular 
edema but with minima: residual optic 
disc edema (Fig 2). Of the remaining 


seven eyes, six showed evidence of. 


cystoid macular edema and one had 
macular pucker on contact lens exami- 
nation and fluorescein angiography 
(Fig 3, 4, 5, and 6). Each of these eyes 
had a visual acuity of 20/70 or less. 
Postoperative ERGs im four of the 
seven eyes were normal. Interesting- 
ly, case 6 had a visual acuity of 20/20 
three months postoperatively that 
decreased to 20/100 nin» months later 
with the onset of cystoid macular 
edema (the Irvine-Gass syndrome): 
However, this is the on'y case to date 
in which vision has deteriorated post- 
operatively. All other eyes achieved 
their best vision within three to six 
months after surgery and have main- 
tained this visual acuitr. 

Five of the seven eyes with macu- 
lopathy also had abnormal optic discs. 


On contact lens examination the optic 


discs appeared elevated, with ill- 
defined borders and tortuous vessels 
(Fig 4)  Fluorescein angiography 
showed peripapillary staining that 
was interpreted as evidence of optic 
dise edema (Fig 7). This was con- 
firmed by Goldmann's visual fields, 
which showed a central seotoma with 
an enlarged blind spot in each 
instance (Fig 8). Each of these eyes 
had a visual acuity of 20/100 or less 
and the group with the poorest post- 
surgical visual results included these 


eyes. 
Intraocular Pressure 


Preoperative applanation tonome- 
try ranged from 2 to 35 mm Hg (aver- 
age, 123 mm Hg). Eight cases with 
preoperative intraocular pressures of 
2 to 10 mm Hg (average, 7.3 mm Hg) 
had postoperative intraocular pres- 
sures at three months that ranged 
from 10 to 19 mm Hg (average, 14.2 
mm Hg). The remaining seven cases 
had preoperative intraocular pres- 
sures that ranged from 12 to 35 mm 
Hg (average, 18 mm Hz). Postopera- 
tively, their intraocular pressures 
were 12 to 18 mm Hg (average, 14.7 
mm Hg). Patient la had a preopera- 


tive intraocular pressure of 35 mm Hg — y 


1799 


ri MN ta ; 


15 ilz 


. 173 290. i Pa 
c oa dc^ M S in AE 





Lensectomy-Vitrectomy for Complicated Cataract* 














Postop 
Visual Acuity IOP, mm Hg Examination 
Sex/ Preop Examination, ———x«~ M, — — Follow- 
Case Diagnosis Pertinent Data Eye Preop Postop Preop Postop ACF Disc Macula up, mo 


1a Pars-planitis F/24 4-yr history of uveitis & decreased OD 20/200 20/70 35 18 +1 ODE DRE 27 
vision OU; RICLE with postop hy- 

phemia; recurrent uveitis OD in- 

ducing pupillary-block glaucoma; 

Echo: PVDs OU 


ee a E E 
1b Pars-planitis ; OS CFat 20/70 10 16 +1 ODE DRE 14 
90 cm 


19-yr history of uveitis OU; 2-yr his- OD 20/200 20/20 12 12 O0 NL NL 13 
tory of decreased vision 
OD > OS; VA, 20/60 OS; band 
keratopathy OU; Echo: retrolental 
membrane OD 


7-yr history of uveitis & decreased OS CF at 20/25 10 14 +1 NL NL 13 
vision OS > OD; bilateral band 30 cm 
keratopathy & posterior syne- 
chiae; Echo: thickened RCLs & 
PVDs OU 


3b Pars-planitis OD CFat 20/20 10 18 0 NL NL 12 
30 cm 


2-yr history of uveitis & decreased OS CFat 20/25 6 12 O0 NL NL 12 
vision OS; VA, 20/20 OD; Echo: 60 cm 

diffuse dense vitreous opacities 
OS 


5-yr history of uveitis & decreased OS 20/200 20/25 18 18 0 NL NL 12 
vision OS; VA, 20/20 OD; Echo: 
moderate vitreous opacities OS & 

PVDs OU 


Atopic 9-yr history of atopic dermatitis & 
dermatitis decreased vision OU; RICLE at 30 cm 

age 24 with vitreous loss & later 

retinal detachment with MPR; 

Echo: minimal vitreous 

opacities 

OS 


5-yr history of uveitis with oral & 
genital ulcers, hypopyon; 4-yr his- 120 cm 
tory of decreased vision OU; VA, 
20/100 OD; Echo: moderate vit- 
reous opacities OU 


Idiopathic F/61 4-yr history of uveitis & decreased OS CFat 20/200 14 18 +1 NL 
iridocyclitis vision OU; VA, CF at 30 cm OD; 30 cm 

Echo: diffuse moderate vitreous 

opacities OU 


Pars-planitis M/42 6-yr history of uveitis & decreased OS 20/300 20/25 20 15 +1 NL 
vision OU; VA, 20/300 OD; Echo: 
minimal vitreous opacities OU 


Idiopathic M/34 9-yr history of uveitis & decreased OS CFat 20/25 12 10 -1 ODE NL 
iridocyclitis vision OU; VA, CF at 30 cm OD; 30 cm 
secondary glaucoma OD with 
band keratopathy OU; Echo: dif- 
fuse vitreous opacities OU & se- 
vere disc excavation OD 


Idiopathic 7-yr history of uveitis & decreased OS  Lp-p 20/ 10 18 0 NL NL 5 
iridocyclitis vision OS; VA, 20/20 OD; Echo: 25+ 
thin vitreous membranes & PVD 
OS 


2-yr history of uveitis & decreased Lp 20/400 2 10 +2 ODE Macular 4 
vision OS; VA, 20/20 OD; Echo: pucker 
diffuse thickening RCL OS 


Reiter's M/40 15-yr history of uveitis OU; de- OS Lp 20/400 3 6 +2 ODE CME 
syndrome creased vision OS for 10 yr, OD 
for 2 yr; VA, 20/20 OD; bilateral 
band keratopathy; Echo: diffuse $ 
vitreous opacities & thickening B 
RCL OS 
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*Preop indicates preoperative; postop, postoperative; IOP, intraocular pressure; ACF, anterior-chamber flare (0 to 4); VA, visual acuity; RICLE right 
intracapsular cataract extraction; Echo, echography; PVD, posterior vitreous detachment; DRE, diffuse retinal edema; NL, normal; RCL, retinal and 
choroidal layer; MPR, massive preretinal retraction; CME, cystoid macular edema; ODE, optic disc edema; CF, counting fingers; Lp, light perception; and 
Lp-p, light perception and projection. cr 
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associated with a severe anterior uvei- 
tis, pupillary membrane, and pupillary 
block; after vitrectomy her pressure 
returned to 18 mm Hg The hypotonia 
that existed in cases 4, 6, 12, and 13 
was associated with severe and 
repeated episodes of recurrent uveitis 
during the preceding two years. We 
believe that these represent the stig- 
mata of advanced aliary damage 
from uveitis.'^ There was, however, no 
correlation between the type of uvei- 
tis or its duration with the final post- 
operative intraocular pressure. 


Anterior Chamber Vitreous Reaction 


Postoperative flare and cell (+2 to 
+3) were present in all eyes for the 


Fig 1.—Case 3b. Top left, Preoperative 
cortical cataract with posterior synechiae. 
Top right, Three days postoperatively with 
subconjunctival and iris-layered hemor- 
rhages. Bottom left and right. Three weeks 
postoperatively with quiet anterior seg- 
ment and normal posterior pole. 





Fig 2.—Case 10. Top left, Preoperative conjunctival injection, band keratopathy, and miosis. Top right, Three days 
pastoperatively with mild conjunctival injection (three weeks postchelation). Bottom left and right, Three weeks 
postoperatively with quiet anterior segment and macular edema. 


4; 
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first three days after surgery. The 
cellular response completely resolved 
within seven days while a trace to +1 
flare persisted in the anterior cham- 
ber and vitreous cavity in ten of the 15 
eyes. Seven of these eyes had iris 
surgery that included a sector iridec- 
tomy. Case 3 had surgery in both eyes. 
A sector iridectomy was performed on 
the first eye (3a) and a persistent flare 
was present at three months. The 
fellow eye (8b) underwent an identical 
operation without an iridectomy and 
at three months was free of cell and 
flare. This seems to agree with our 
general observation that injury to the 
iris in eyes with uveitis predisposes to 
persistent flare in the postoperative 
period. 

No secondary membrane formation 
occurred in any of our patients. Case 
la had an uncomplicated intracapsular 
lens extraction that was followed in 
three months by severe inflammation 
and formation of a dense pupillary 
membrane. Following a subsequent 
vitrectomy there was no recurrence of 
inflammatory membranes. Addition- 
ally, her fellow eye (1b) underwent a 
lensectomy-vitrectomy as a primary 
procedure and no such postoperative 
problems developed. 


Postoperative Complications 


The only postoperative complication 
encountered was one instance each of 
a subclinical aphakial retinal detach- 
ment (case 4) and Irvine-Gass syn- 
drome (case 6). The former occurred 
four months postsurgery, at which 
time three small peripheral flap tears 
surrounded by fluid were noted in 
three separate quadrants of the eye. A 
360-degree banding procedure with 
eryopexy was performed and the 
resulting visual acuity was 20/25. The 
patient with Irvine-Gass syndrome 
(case 6) has been previously dis- 
cussed. 


COMMENT 


Uveitis becomes a major ophthal- 
mologie dilemma when vision is 
threatened by the secondary develop- 
ment of cataracts (cases lb through 
13), pupillary membranes (case la), 
glaucoma (cases la and 10, fellow eye) 
and/or hypotonia (cases 4, 6, 12, and 
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Fig 3.—Case 7. Top left, Preoperative posterior subcapsular cataract and posterior 
synechiae. Top right, Three days postoperatively with moderately severe conjunct val 
injection. Bottom left and right, Three weeks postoperatively with quiet anterior segment 


and macular edema. 





Fig 4.—Case 12. Top left, Preoperative mature cataract with posterior synechiae. Top 
right, Three days postoperatively with slight conjunctival injection. Bottom left and right, 
Three weeks postoperatively with quiet anterior segment, optic disc edema, vascular 
tortuosity, and macular pucker (arrows). 


13). Previous discussions of the surgi- 
cal removal of complicated cataract 


(via intracapsular or extracapsular 


techniques) warn of the postoperative 
occurrence of severe uveitis and its 
sequelae.” Since cataract extraction 


was performed to restore diminished 
vision and not to alter the basic 
dynamics of the uveitis syndrome, it is 
not surprising that these eyes often 
developed recurrent uveitis with asso- 
ciated complications, ie," setondary 
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Fig 5—Case 8. Fluorescein angiogram 
three months postoperatively with late 
extensive diffuse intraretinal staining. 







Fig 6.—Case 1b. Fluorescein angiogram 
three months postoperatively with hyper- 
vascularity of the disc, perifoveal capillary- 
network leakage, and macular cyst. 
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Fig 8.—Case 1a. Golemann’s visual field three months postoperatively with dense central 


scotoma and enlarged blind spot. 


membranes (case la) and retinal 
detachments (case 6, fellow eye). 

More recently, phacoemulsification* 
and pars-plana lensectomy have been 
employed for patents with uveitis. 
Douvas reported two successful cases 
of cataract extraction by this tech- 
nique.?^ Michels and Ryan reported 
the removal of a postinflammatory 
pupillary membrare during the recon- 
struction of an anterior segment via 
the pars-plana approach." 

Our study was motivated by the 
success we had in performing a lensec- 
tomy-vitreetomy via the transciliary 
body approach in rabbit eyes with 
protein-induced uveitis.‘ Surgical in- 
tervention if an acutely inflamed eye 
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led to severe postoperative inflamma- 
tion with corneal neovascularization, 
membrane formation, and, not un- 
commonly, phthisis. However, the 
liberal administration of oral steroids 
preoperatively and postoperatively al- 
lowed these eyes to tolerate the surgi- 
cal procedure with minimal deleteri- 
ous effects. 

This report demonstrates the tech- 
nical feasibility of performing a 
lensectomy-vitrectomy through a 
pars-plana approach in patients with 
chronic recurrent uveitis of various 
causes. The major factor in our success 
appears to be the minimal degree of 
inflammation that was present in 
these eyes at the time of surgery. No 
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Fig 7.—Case 12. Fluorescein angiogram 
three months postoperatively with marked 
hypervascularity of optic disc and vascular 
tortuosity. 


case, excluding that of la, had more 
than a trace flare and cell in the 
anterior chamber on the day prior to 
surgery. The importance of preopera- 
tive topical and oral steroids to 
achieve such quiescent eyes cannot be 
overemphasized. Additionally, ste- 
roids were injected mtravitreally at 
the termination of the lensectomy- 
vitrectomy and oral steroids were 
continued postoperatwely during the 
first three to four weexs. This appears 
to be important in decreasing the 
immediate inflammatory response to 
surgical trauma. However, no patient 
received systemic steroid therapy 
beyond one month. 

Interestingly, the ‘nal postopera- 
tive visual acuity of our 15 cases (with 
an average 10.5-month follow-up peri- 
od) had no relationship to the docu- 
mented duration of preexisting uvei- 
tis. Eight eyes with a final visual 
acuity of 20/20 to 20/25 had uveitis for 
an average of 5.1 years. The remain- 
ing eyes with a final visual acuity of 
20/70 or less had uveitis for an aver- 
age of 5.5 years. The limited number 
of patients in each disgnostic catego- 
ry did not allow us to reach any conclu- 
sion regarding the effect of the cause 
of uveitis on the eventual visual prog- 
nosis. However, we attempted to 
determine the importance of the 
frequency of recurrent episodes of 
uveitis on visual prognosis. In only six 
patients was the history considered 
adequate for retrospective documen- 
tation of recurrent episodes of uveitis; 
fortunately, this included three cases 
from each of our twc groups. Those 
patients with a resultant visual acuity 
of 20/70 or less had approximately 
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twice as many recurrent episodes 
within a given period of time as those 
with a visual acuity of 20/25 or 
better. 

A postoperative visual acuity of 20/ 
70 or less was uniformly associated 
with macular pathological findings— 
six eyes had cystoid macular edema 
and one had macular pucker. Visual 
fields confirmed the presence of a 
central scotoma. The critical question 
appears to be whether cystoid macular 
edema was present preoperatively as 
a consequence of chronic uveitis or 
whether the operative procedure was 
responsible for its development. Since 
the fundus could not be adequately 
visualized preoperatively, this ques- 
tion cannot be definitively answered. 
However, macular edema has been 
reported as the major cause of 
decreased vision in patients with 
chronic uveitis.'* Our experience lends 
support to this observation. Each eye 
with cystoid macular edema in the 
immediate postoperative period was 
noted to have macular pathological 
findings during the operation, which 
were subsequently confirmed by slit- 
lamp examination during hospitaliza- 
tion. Additionally, three of the four 
cases associated with chronic systemic 
disease processes had macular patho- 
logical features. Although the remain- 
ing case did not have cystoid macular 
edema preoperatively, he was the only 
patient in whom the Irvine-Gass 
syndrome developed. 

While cystoid macular edema un- 
doubtedly contributed to our patients’ 
poor vision preoperatively, the severe 
nature of the cataract itself was a 
valid explanation. It should be noted 
that without exception all cases that 
underwent a lensectomy-vitrectomy 
had a considerably improved visual 
acuity postoperatively, which substan- 
tiates the visual impairment contrib- 
uted by the cataractous lens. 

Our postoperative follow-up period 
is too short to allow any conclusion 
regarding the effect of lensectomy- 
vitrectomy on the frequency of recur- 
ring episodes of uveitis. However, we 
suspect that there may be a decreased 
severity of recurrent attacks of uvei- 
tis. Six of our patients had historically 
documented episodes of current uvei- 
tis postoperatively. White initially the 
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eye that was operated on as well as the 
fellow eye that was not operated on 
had decreased visual acuity with each 
recurrence, each patient reported that 
the eye that was operated on cleared 
and vision returned to prerecurrence 
levels in 48 hours or less. This was in 
eontrast to the delayed and often 
incomplete return of vision in the 
fellow eye that did not undergo the 
operation. It seems likely that the 
mechanical débridement of the vit- 
reous framework, in association with 
removal of the lens, facilitated the 
removal of cellular material from the 
vitreous cavity and contributed to this 
effect. 

The basis for human recurrent uvei- 
tis is not established. However, it has 
been proposed that the underlying 
mechanism in experimental recurrent 
protein-induced uveitis in animals is 
the persistence of antigen-specific 
memory cells that are responsive to 
the initial offending antigen.'^ Histo- 
pathologie localization of such lym- 
phoid cells within the uvea has not 
been possible, but this has been attrib- 
uted to their sparse number. Nev- 
ertheless, it is apparent that a large 
number of inflammatory cells (includ- 
ing lymphoid cells) persist within the 
vitreous cavity and the mechanical 
removal of these cells could alter, ie, 
diminish, the severity as well as the 
frequency of recurrent episodes. Fur- 
thermore, the role of persistent immu- 
noglobulin or antigen-antibody com- 
plexes, ie, immune complexes, within 
the vitreous and adjacent vitreoreti- 
nal interface has been minimized. Yet, 
examination of eyes with experimen- 
tal protein-induced uveitis demon- 
strates the persistence of antigen at 
the vitreoretinal interface, as well as 
the ciliary body, after uveitis has been 
induced.'5 It is difficult to conceive of 
antigen persistence within this milieu 
without associated immunoglobulin to 
form immune complexes. Additional- 
ly, antigen-specific memory has been 
recently demonstrated for immune 
complexes." Consequently, vitrecto- 
my may alter the concentration of 
persistent immunoglobulin or immune 
complexes within the eye and thus 
modulate the course of recurrent uvei- 
tis. 

Although the final role of vitrecto- 


my in the management of patients 
with uveitis remains to be dete-- 
mined, our experience to date reveals 
that the operation is compatible with 
improved vision and seems to favor- 
ably influence the subsequent course 
of the disease by mechanisms that are 
not completely understood. This is in 
contrast to lens extraction alone, 
where vision is often only temporarily 
improved because of the complications 
of continued recurrence of inflamma- 
tion within the eye. 
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` Amelanotic Small Flat Lesions 


of the Choroid 


Jesse Sigelman, MD; Lee M. Jampol, MD; 


Robert B. Welch, MD; Joseph L. Calkins, MD 


e On routine examination, three pa- 
tients demonstrated wellow-white lesions 
in the posterior third ef the fundus. These 
lesions have a subtle-but unique appear- 


à ance. They are in the choroid and have 


. definite borders, minimal or no elevation, 
a lack oftsecondary changes in the overly- 
ing pigment epithelium or neuroepithe- 
lium, and no pigment within the lesion or 
at its borders. Ophthaimoscopic and fluo- 
rescein angiographic data permit discus- 
sion of the differentia! diagnosis of these 
lesions. They may represent amelanotic 
nevi of the choroid. 

(Arch Ophthalmol 96:1805-1 808, 1978) 


horoidal n vi are common lesions. 

They are found in 3.1% of eyes 
4. on routine ophthalmoseopie examina- 
tions and in 10% of autopsy eyes using 
the transilluminatior method.' Most 
of these nevi are small (less than 3 disc 
diameters [DD]) anc slightly thicker 
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than adjacent normal choreid. Their 
degree of pigmentation ranges from 
homogeneous black to yellow-white 
with only scattered pigmentation. The 
differential diagnosis of a choroidal 
nevus includes malignant melanoma, 
choroidal hemangioma, choreidal neu- 
rofibroma, disciform lesions, pigment 
epithelial hypertrophy, chorieretinitis, 
inflammatory lesions and choroidal 
osteoma.’ The clinical diagnosis of 
nevus is made with ophthalmoscopy, 
biomicroscopy, and fluorescein angi- 
ography. 

This article describes three patients 
with an unusual fundus lesion consist- 
ing of a yellow-white area in the 
posterior pole. These lesions are char- 
acterized by subtle but definite bor- 
ders, minimal or no elevation, a lack of 
secondary changes in the overlying 
neuroepithelium or pigment epithe- 
lium, and lack of pigmentation. The 
ophthalmoscopie and fluorescein an- 
giographic appearance of these lesions 
suggests that they represent amela- 
notic nevi. 


REPORT OF CASES 


CasE 1.—On a routine exammation, a 
44-year-old man had 20/20 acuity in each 
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eye without correction. Results of the 
examination were completely normal ex- 
cept fora3 x 5 DD, nonpigmented, yellow 
flat lesion in the superonesal quadrant of 
the left eye approximately 4 DD from the 
disc (Fig 1). The lesion had indistinct bor- 
ders so that visualization with the direct 
ophthalmoscope was difficult. Binocular 
indirect ophthalmoscopy showed a yellow 
flat mass deep to the pigment epithelium. 

Red-free light (Fig 2) nighlighted the 
margins of the lesion. Flucrescein angiog- 
raphy demonstrated progressive fluores- 
cence of the lesion throughout the study 
(Fig 3). No vascular channeis were evident. 
Late pietures of the angiographie study 
showed staining of the lesion but failed to 
show any sign of leskage. No growth of the 
lesion has been observed over a three- 
month period. 

CASE 2.—A 13-year-old boy on routine 
examination showed a best corrected visual 
acuity of right eye, 20/15 (—3.50 $+0.50 
cyl X 180°) and left eye, 20/15 (—4.00 
S + 0.50 cyl x 180°). Results of the oph- 
thalmologic examination were entirely 
normal except for the presence of a white- 
yellow, flat, subretinal lesion in the left 
inferior macula extending to the foveal 
border (Fig 4). The lesion was not apparent 
on direct ophthalmoscopy but became 
obvious on binocular indirect ophthalmos- 
copy. The retina and the pigment epithe- 
lium overlying the lesion appeared normal. 
No scotoma was present on Amsler grid 
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Fig 1.—Yellow-white lesion is 4 DD from 
disc in superonasal quadrant (case 1). 
Lesion’s presence is subtle to direct 
ophthalmoscopy but distinct to indirect 
ophthalmoscopy. Stereopsis shows lesion 
flat and beneath pigment epithelium. 








Fig 2.—Red-free fundus photograph of 
lesion (case 1). Photographic method 
makes borders of lesion more obvious 
than does color photography. 


Fig 3.—Arteriovenous angiogram at 15 seconds (left) shows a window defect but no 


vascular channels. Later angiogram at 60 se 


of fluorescein. 





Fig 4.—Lesion (case 2) showed no eleva- 
tion. It was subtly apparent on direct 
ophthalmoscopy and obvious on indirect 
ophthalmoscopy. Overlying neuroepithe- 
lium showed no changes. 
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conds (right) shows staining but no leakage 
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Fig 5.—Red-free fundus photograph (case 
2) sharpens definition of borders. 





Fig 6.—Fluorescein angiogram, case 2. 
Top, Arteriovenous phase shows slight 
window defect; center, late venous phase 
shows progressive staining; bottom, late 
phase shows staining but no leakage. 


. 
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testing. Flmoresceir angiography demon- 
strated a pattern smilar to that seen in 
patient 1. 

Red-free photography accentuated the 
margins of the lesion (Fig 5). Fluorescein 
angiograph- showec faint fluorescence of 
the lesion ir the earl- arterial phase (Fig 6, 
top). The lesion showed progressive stain- 
ing but no leakage dering the angiographic 
study (Fig & center and bottom). 

Case 3.—4 40-year-old man had com- 
pletely normal findimgs on ophthalmologi- 
cal examina. ion exceot for the presence of 
a yellow-white lesior: deep to the retina in 
the right eye. The leson was 3 x 5 DD and 
lay superior -o the macula. No scotoma was 
present. Flu. rescein - ngiography and fun- 
dus phetogr=phy wer» not performed. 


COMMENT 


The fundus lesdns in the three 
cases described above share several 
common feztures. They are all asymp- 
tomatic, small, ame-anotic, flat choroi- 
dal lesions with no zpparent change in 
the overlying pigment epithelium or 
retina. They are loc: ted in the posteri- 
or choroid ir children and adults with- 
out any coacomitaat ocular or sys- 
temic disease. Fluarescein angiogra- 
phy was pe-formec in two patients 
and shewed progressive staining of 
the lesion 5eginning in the early 
arterial phase; the lesions showed 
minimal vascularity and no leakage. 
The differertial diagnosis for these 
lesions must nclude amelanotic nevus, 
amelanetic malignant melanoma, 
choroidal hemangioma, choroidal neu- 
rofibroma, zmelanocie spot of the 
pigment epithelium, pigment epithe- 
lial detachment, choroidal xanthoma, 
and choroida osteoma. It is most like- 
ly that the lesions described above are 
amelanotic nevi. Neri of the choroid 
have been fornd in D% of all autopsy 
eyes." This estimate was made using 
transillumination so that amelanotic 
lesions would not have been included. 
Naumann et :|* have pointed out that 
many nevi ar? lightly pigmented and 
barely give a shadow on transillumi- 
nation. Even the vest majority of 
pigmented choroidal nevi cannot be 
seen at ophthalmoscecoie examination 
because fey -re either located in the 
outer choroid or are ebscured by the 
thick choroid cf the pesterior pole. The 
incidence of .melanatic nevi, there- 
fore, remain: undetermined. The 
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characteristic appearance of pig- 
mented nevi is similar to our lesions 
except for the pigmentation. Most 
nevi (59%) are located in the posterior 
third of the choroid. Their diameters 
range from 0.33 DD to 7 DD with the 
majority between 1.5 DD and 4.0 DD. 
Nevi may be flat or may slightly 
exceed the thickness of the normal 
adjacent choroid.' Their relative avas- 
cularity and pigmentation explains 
the decreased fluorescence of pig- 
mented nevi on fluorescein angiogra- 
phy.’ This avascularity would explain 
why amelanotic nevi would be ex- 
pected only to show gradual staining 
through the angiographic course with- 
out demonstrating leakage. 

Wessing’s angiographic study of 
nevi has shown that the degree of 
pigmentation of the nevus has a great 
effect on its fluorescein angiographic 
appearance. A deeply pigmented ne- 
vus shows blocking of choroidal fluo- 
rescence. Less pigmented nevi, which 
constituted approximately one third 
of his series, showed intense spotty 
staining during the arterial or arteri- 
ovenous phase. In some cases, this 
fluorescence involved only part of the 
lesion. Gass has shown two cases of 
hypopigmented choroidal nevi that 
differed from our lesions in being 
slightly elevated and showing pig- 
mentation at the borders of the 
lesions.’ The angiographic pattern of 
these lesions showed faint diffuse 
hyperfluorescence indicative of loss of 
pigment from the pigment epithe- 
lium. None of the lesions described by 
Wessing or Gass showed fluorescein 
leakage.** 

Choroidal nevi may cause secondary 
changes including drusen, serous de- 
tachment of the pigment epithelium 
or retina, choroidal neovasculariza- 
tion, focal areas of loss of pigment 
from the pigment epithelium and/or 
clumping of pigment, and orange 
pigment patches overlying the le- 
sion.** The series of Naumann et al of 
choroidal nevi showed that flat, small, 
pigmented nevi usually produced min- 
imal overlying tissue changes.* The 
effeet on vision of a flat nevus is 
variable with only 60% of eyes with 
submacular flat nevi showing de- 
creased acuity. Although scotomas 
have been associated with 85% of nevi 


using static perimetry, small flat nevi 
have not been shown to cause scoto- 
mas. The lesions in our patients 
showed no overlying tissue change 
and no visual acuity loss despite 
involvement of the macula in case 2. 
These findings are compatible with 
the previous studies of nevi because 
our lesions were small and flat. 

Three properties of our lesions 
make it unlikely that they represent 
malignant melanomas: (1) their lack 
of elevation, (2) their small size, (3) 
their avascularity. In addition, the 
fluorescein angiograms do not show 
multicentric filling of the lesion or the 
late leakage of the lesion that usually 
characterizes ^ malignant melano- 
mas.'^'" Careful observation docu- 
menting the lack of growth of these 
lesions is needed to confirm their 
benignity. If they are in fact nevi, the 
prognosis for malignant conversion is 
very small if they behave biologically 
in a manner similar to pigmented 
nevi. 

The ophthalmoscopic appearance of 
these lesions .is compatible with an 
isolated hemangioma of the choroid. 
Such a lesion may have the appear- 
ance of a flat amelanotic lesion with- 
out overlying tissue changes.'''? The 
angiographic appearance of choroidal 
hemangioma is distinctive, showing 
fluorescence before the beginning of 
the arterial phase, persisting beyond 
the late venous phase, and showing 
leakage. In addition, the surface of 
the hemangioma usually shows a deli- 
cately spotted pattern without ob- 
vious large vessels. This differs from 
the avascular and nonleaking angio- 
graphic appearance of our lesions. 

Gass has documented both the 
opthalmoscopic and angiographic ap- 
pearance of choroidal neurofibromas.’ 
These lesions are usually a manifesta- 
tion of systemic disease. The neurofi- 
bromas are elevated and show scat- 
tered pigmentation. Their fluorescein 
pattern shows some vascularity and 
no leakage. It is unlikely that our 
lesions fall into this category because 
they are flat. No manifestations of 
systemic neurofibromatosis were seen 
in any of the cases. 

Serous detachment of the pigment 
epithelium may produce a yellow- 
white lesion resembling our lesion in 
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color. Serous detachment of the pig- 
mented epithelium differs from our 
lesions in showing elevation of the 
pigment epithelium and the neuroepi- 
thelium at the lesion site. Additional- 
ly, the fluorescein angiographic ap- 
pearance of a serous detachment has 
the distinct appearance of accumula- 
tion of brilliant homogeneous fluores- 
cence beneath the pigment epithelium 
detachment during the arteriovenous 
phase." This fluorescence persists for 
more than one hour. 

Schlernitzauer and Green have de- 
scribed peripheral albinotic spots of 


the pigment epithelium in autopsy 


eyes.'* These lesions are characterized 
by a localized absence of the pigment 


. jin the pigment epithelium in an area 


approximately 3 x 4 DD. These le- 
sions resemble ours in showing no 
elevation and appearing as yellow- 
white spots. The borders of the lesions 
differ from the borders of our lesions 
in being extremely sharp and clearly 
defined so that observation with the 
direct ophthalmoscope would not be 
difficult. Although fluorescein angi- 
ography has not been observed in 
these lesions, it is likely that they 
should show a window defect in the 
early arterial phase but no late stain- 
ing. 

Xanthomatous lesions of the cho- 
roid have been demonstrated to occur 
as both isolated lesions and as part of 
systemie xanthomatous and lipopro- 
tein abnormalities." They are very 
rare. Anterior choroidal xanthomas 
have been documented in the juvenile 
xanthogranuloma syndrome." Thom- 
as and Smith and Lewis’? have 
reported xanthomas of the posterior 
choroid. All such cases occurred in 
patients with systemic abnormalities 
including xanthomatous biliary cir- 
rhosis and idiopathic hyperlipemia. 
The fundus lesions consisted of scat- 
tered areas of yellow in the choroidal 
layer. All parts of the fundus were 
involved. The patients with hyperli- 
. pemia showed retinal edema and 

 hemorrhages in addition to the yellow 
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choroidal lesion. Vision was reduced in 
an eye that had a choroidal xanthoma 
beneath the macula. The fluorescein 
pattern for such choroidal lesions has 
not been established. Naumann and 
Ruprecht have histologically verified 
that a case of a white-yellow elevated 
lesion of the iris represented a local- 
ized xanthoma with cells of 50 pin size 
with centrally located pyknotic nuclei 
and vacuolic cytoplasm." This patient 
showed no evidence of systemic xan- 
thomatosis or hyperlipidemic abnor- 
malities. It is unlikely that our lesions 
represent xanthomatous lesions of the 
choroid because none of the patients 
showed any evidence of systemic 
xanthomatosis or hyperlipidemia, and 
the lesions showed no elevation. 

The choroidal osteomas as described 
by Gass et al are similar to our lesions 
in their yellow-white coloration.’ Sev- 
eral distinctive features of the osteo- 
mas differentiate them from our 
group of lesions. The four reported 
choroidal osteomas all occurred as 
large, elevated, irregular geographic 
lesions in young women having para- 
central or central scotomas. The osteo- 
mas showed overlying pigmentary 
degeneration, serous retinal detach- 
ment, and surface branching vascula- 
ture. Our lesions were small, flat, and 
occurring as incidental findings all in 
men who had no evidence of scotoma, 
decreased vision, overlying pigmenta- 
ry degeneration, or serous detach- 
ment of the retina or any evidence of 
vaseulature on the lesions' surfaces. 
Fluorescein angiography of the osteo- 
mas resembled that of our lesions in 
showing early hyperfluorescence and 
late staining without leakage. Ab- 
sence of x-ray or ultrasonographic 
data for our cases to verify their 
ophthalmoscopic appearance of ab- 
sence of bone formation leaves the 
possibility that our lesions could be an 
early manifestation of the choroidal 
osteoma. The fact that two of our 
patients were over 40 years of age, 
however, makes unlikely such a devel- 
opmental relationship. 


Dr Sigelman was supported by fellowships 
from the Heed Ophthalmic Foundation and the 
Glorney-Raisbeck Foundation of the New Yo-k 
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Leonard Joff, FCS(SA), FRCSEd; Jerry A. Shields, MD; John R. Fitzgerald, MD 


® A case is presented in which the 
diagnosis was made clinically of an 
osseous lesn of the choroid in an other- 
wise normal ye. The clinical diagnosis of 
an osseous « horistoma was confirmed by 
the use of u-rasonography, orbital roent- 
genograms, and computerized axial to- 
mography. Enlargement of the lesion was 
documented photographically during a 
four-menth period. The causes of intraoc- 


' ular ossificeion are discussed, and the 


typical clinica! features for osseous cho- 
ristome of tre choroid are suggested. 
(Arch Ophthalmol 96:1809-1812, 1978) 


eee ossifieation is a well- 
known phenomenon. It occurs 
most commonly in phthisical eyes in a 
plane between the choroid and retina, 
occasionally in cyelitic membranes, 
and rarely m other sites.' Intraocular 
ossification has been reported in asso- 
ciation wita choroidal hemangiomas, 
usually in areas of chorioretinal scar- 
ring.?* Resently, Williams and co- 
workers ev-luated a patient in whose 
eye a bony lesion was found in the 
choroid — folowing enucleation for 
suspected melanoma (p 1874). The 
enucleatiom in their case followed a 
positive ra-ieactive phosphorus (?P) 
uptake tes.’ Subsequently, several 
cases have keen diagnosed clinically in 
which an csseous lesion occurred in 
the cheroid with no known predispos- 
ing cause. 

This repert describes the case of a 
young wor3nan, with only minor symp- 
tomatelogy in which we were able to 
make the «diagnosis of an osseous 
lesion of tae choreid, presumably a 
choristoma based on the clinical 
appearanceof the lesion. We had been 
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made aware of the existence of this 
entity by Gass, who, with his co-work- 
ers, had recently collected similar 
cases,? and by consultation with Fred- 
erick C. Blodi, MD, who had also seen 
this patient clinically (personal com- 
munication, May 1977). The diagnosis 
was confirmed using ancillary tech- 
niques, including ultrasonography, or- 
bital roentgenograms, and computer- 
ized axial tomography (CT) An 
increase in size of the lesion during 
four months was documented photo- 
graphically. The clinical appearance of 
this lesion is almost identical to the 


case of Williams et al, as well as to the - 


recent cases studied by Gass and his 
associates.’ 


REPORT OF A CASE 


A 17-year-old woman was referred to the 
Oncology Unit, Retina Service, Wills Eye 
Hospital, Philadelphia, for a mass lesion in 
the posterior pole of the left eye. She 
complained only of slight visual loss in the 
left eye with “spots” in front of her eye for 
the past four years. She had experienced a 
snowball injury to the left eye eight years 
previously, but had not had any visual loss 
at the time and did not then visit an 
ophthalmologist. Her general health was 
good. The lesion had been observed for two 
years by one of us (J. F.), who had noted 
slight increase in elevation and some 
increase in size on the nasal side. 

Clinical examination of the right eye 
showed visual acuity of 6/6, and an entirely 
normal anterior and posterior segment. 
The affected left eye had a visual acuity of 
6/9, with a full field. Intraocular pressure 
and anterior segment were normal. 

Ophthalmoscopy of the left eye revealed 
two slightly elevated, amelanotic, plaque- 
like lesions of the choroid that were 
connected by a narrow isthmus inferior to 
the optic disc. The smaller plaque was 
located nasal to the disc and the larger 
plaque extended about 10 mm temporal to 


"the dise, involving the subfoveal region 


(Fig 1). The edges of the lesion were well 
delineated with rounded "pseudopod-like" 
processes. The retinal pigment epithelium 
(RPE) overlying the mass showed notice- 


Osscous Choristoma of the Choroid 


able disturbance, with areas of RPE loss 
and clumping, creating a stippled appear- 
ance on a creamy yellow background. The 
nasal portion showed geographie areas of 
brown pigment. The most elevated portion 
of the lesion was superior :o the fovea. On 
the basis of clinical examination, diagnos- 
tic possibilities included amelanotic mela- 
noma, organized subretinal hemorrhage, 
metastatic tumor, or atypical choroidal 
hemangioma. An osseous choristoma was 
not initially considered. 


Fluorescein angiography of the macular - 


portion of the lesion showed hyperfluores- 
cence that appeared in the very early arte- 


rial phase, with a stippled pattern related - 


to the overlying RPE changes (Fig 2, left). 
The hyperfluorescencé intensified in the 
mid-phases. In the late angiogram, a 
discrete pattern of hyperfluorescent stain- 
ing of the lesion was presert, but there was 
no leakage of dye into the overlying retina 
(Fig 2, cenzer). The retinal vascular flow 
dynamies were normal. The nasal portion 
of the lesion showed similar features, but 
the larger clumps of pigment caused a 
marked geographic pattern of hypofluores- 


cence throughout the study (Fig 2, right). 


Contact B-scan ultrasonography with 
the Bronson-Turner unit showed an ele- 
vated mass in the posterior pole, with a 
1.5-mm peak above the fovea. There were 
high-amplitude echoes at 80 dB, persisting 
well with reduction in sensitivity to 40 dB 
(Fig 3). There was substantial “‘shadow- 


ing” of the orbital fat pattern posterior to 


the lesion. A-scan techniques demon- 
strated similar features with a maximal 
spike at the lesion. There was masking of 
the normal orbital pattern posterior to the 
lesion (Fig 4). The spike at the lesion could 
still easily be seen on reduetion of sensitiy- 
ity to 20 dB. 

Straight roentgenograms of the left 
orbit demonstrated the presence of a bony 
opacity that corresponded to the lesion 
seen clinically (Fig 5). Computerized axial 
tomography confirmed the presence of 
bone in the choroid (Fig 69. 

On the basis of our clinical and special 
examinations, a diagnosis of an osseous 
lesion in the choroid was cenfidently made. 
A **P-uptake test was not performed, and 
no treatment was instituted. 

The lesion was photographed on two 
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Fig 1.—Composite fundus photograph showing whole lesion at posterior pole of left eye. 
Note two large plaques joined by isthmus (solid arrow) inferior to disc, and ‘‘pseudopod- 
like" processes at edges (open arrows). 





separate occasions, four months apart, and 
study of the superior nasal edge indicated 
that the lesion had enlarged to a small 
extent (Fig 7). 


COMMENT 


Although a definitive diagnosis can- 
not be made without histology, this 
patient's condition shows exactly the 
same clinical appearance as that of the 
patient of Williams et al, as well as of 
the patients in case reports collected 
by Gass et al^ Similarities to other 
conditions do exist, but these condi- 
tions ean be virtually excluded when 
taking the whole clinical picture and 
supportive investigations in account. 
A *P-uptake test was not performed 
on our patient, because we believe the 
lesion is clinically benign; additional- 
ly, a false-positive test might be 
obtained, because bone avidly accumu- 
lates radioactive phosphorus accord- 





Fig 2, Left, Fluorescein angiography of macular portion of lesion in arterial phase. Note irregular hyperfluorescence of mass, 
with stippled pattern of hypofluorescence. (Slightly elevated area is out of focus.) Center, Late phase showing empty retinal 
vasculature with persistent discrete hyperfluorescence of mass, but no leakage of fluorescein into retina. Right, Nasal 
portion of lesion in venous phase showing intense hyperfluorescence, with large geographic areas of nonfluorescence. 





Fig 3, Left, Contact B-scan ultrasonogram at 80 dB showing highly reflective, slightly elevated mass in 
posterior pole, with peak at fovea (arrow). Note shadowing of normal orbital fat pattern, giving false 
appearance of enlarged optic nerve or other space-occupying lesion. Center, Ultrasonogram at 70 dB, 
emphasizing highly reflective mass and accentuating orbital shadowing. Right, Same study at 50 dB. * 
showing persistence of echoes arising from lesion with disappearance of all soft tissue echoes. ° 
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Fig 4.—A-scen study showing maximal spike at lesion, and 
masking of nermal orbital pattern posterior to lesion. 
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Orig n of Ossification 


Speculation as to the origin of the 
5one is of nterest. The ossification 
occurring with choroidal hemangio- 
mas was carefully studied by Witschel 
and Font,’ and the bony trabeculae 
were always intimately related to 
plaques of proliferated or trans- 
-ormed RPE. This led Witschel and 
Font te bekeve that ossification in 
ehoroidal hemangiomas occurs from 
proliferated and metaplastic RPE, 
and not witain the hemangiomatous 
tissue itsel, as had often been 
described in the literature. In the case 
ef Williams end his colleagues, no such 
mtimate rel=tionship of bone to RPE 
was demoristrated, and it is suggested 
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Fig 5.—Left orbital reentgenogram showing faint but definite bony 
opacity (arrow) corresponding to lesion. 


Fig 6.—Computerized axial tomography scan showing presence of bony plaque in 
posterior pole of left eye (OS). 





Fig 7.—Fundus photographs of superonasal edge of lesion in January 1977 (left) and May 
1977 (right). Note that lesion has clearly extended toward bifurcation (upper arrow) and 
has also filled and extended beyond vessel crossing (lower arrow). 


that the bone originates from the 
choristoma (with a choristoma defined 
as a tumor-like malformation made of 
elements not normally present in the 
involved tissue) rather than from 
metaplasia of the RPE. 


Diagnosis of Choristoma 


Based on the clinical appearance in 
our patient, as well as in the patient of 
Williams and his co-workers and in 
the patients of Gass et al? we suggest 
a typical clinical complex that should 
alert the clinician to the possibility of 
the diagnosis of osseous choristoma of 
the choroid. 

The patient may be fairly young, 
and may have only mild visual 
complaints, such as blurring or visual 
field defects in one eye. Ophthalmos- 
copy reveals a plaque-like, slightly 


elevated, amelanotic lesion in the 
posterior pole. The lesion may be 
several disc diameters in size, and 
more than one plaque may be seen, as 
in our patient, where two large 
plaques were present, joined together 
only by a narrow isthmus. The edges 
of the lesion are highly characteristic 
and possibly even diagnostic. They are 
well defined, and show many smooth 
pseudopod-like processes (Fig 1). En- 
largement or extension of the edge of 
the lesion may oceur (Fig 7). The RPE 
overlying the lesion shows marked 
atrophy, with a stippled or geographic 
appearance, which is due to clumping, 
giving a variable cream-colored back- 
ground. The retinal vessels cross the 
lesion normally and do not show any 
obvious abnormalities. Serous retinal 
detachment has not been recorded. 
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Differential Diagnosis 


The differential diagnosis on oph- 
thalmoscopy includes amelanotic cho- 
roidal melanoma, metastatic choroidal 
tumor, choroidal hemangioma, and 
organized subretinal hemorrhage. 
Combined hamartoma of the RPE 
shows some similarities, but there is a 
highly characteristic pigmentary pat- 
tern with overlying retinal vascular 
tortuosity.^ 

Malignant melanoma of the choroid, 
including amelanotic and hypomela- 
notic varieties, certainly occur in the 
young age-group.' However, such mel- 
anomas are generally more elevated 
and have rounded edges unlike the 
processes that are seen in osseous 
choristoma. In melanoma, RPE 
changes are prominent and may be 
very similar. Orange or brown lipofus- 
cin is usually seen overlying the mass,’ 
and in our patient, one portion of the 
lesion showed patches of pigmenta- 
tion that may well be lipofuscin. An 
associated serous retinal detachment 
is very common, and Bruch’s mem- 
brane rupture, when present, is diag- 
nostic of melanoma. l 

Metastatic tumors to the choroid 
frequently also show a regular stip- 
pled pattern of the RPE on an amela- 
notic background. They are often only 
slightly elevated and plaque-like, but 
do not show pseudopod-like processes 
at their edges, as seen in osseous 
choristoma. Serous detachments fre- 
quently occur, and may be extensive. 
A history of malignancy elsewhere is 
often, but not invariably, present, and 
the patients generally fall in an older 
age-group.” 

Localized choroidal hemangiomas 
are subtle, orange, dome-shaped or 
placoid lesions, with poorly defined, 
rounded edges. The overlying RPE 
shows minimal change, though overly- 
ing pigmentary changes occur. Serous 
retinal detachment is common and 
may be very extensive.’ 

Traumatic subretinal hemorrhage 
that has become organized shows typi- 
cal white, glistening, fibrous tissue in 
the subretinal space, often with con- 
traction and destruction of overlying 
retina, and substantial visual defect 
as a result. A history of trauma may 
be obtained, and other signs of ocular 
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injury, such as choroidal rupture, may 
be seen. 


Fluorescein Angiography in 
Diagnosis 


Intravenous fluorescein angiogra- 
phy is of little diagnostic value in 
osseous choristoma. The fluorescein 
pattern depends on the degree of 
disturbance of the overlying RPE and 
choriocapillaris. Generally, the pat- 
tern is one of transmission fluores- 
cence at an early stage in dye transit, 
with staining and persistent fluores- 
cence, but no leakage of dye in the 
later stages of the study. Melanomas 
show a mottled pattern and early 
leakage of fluorescein, with diffuse, 
late staining. Punctate intraretinal 
fluorescence is highly characteristic, 
especially at the periphery of the 
lesion. Metastatic choroidal tumors 
similarly show fluorescence and leak- 
age of dye as the study progresses. 
Choroidal hemangiomas show an early 
choroidal vascular filling pattern, with 
later pooling of dye in the tumor and 
in cystic spaces in the retina. Subreti- 
nal hemorrhage would bleck fluores- 
cence early, and the scar tissue may 
take up the dye and stain late. Note 
that these fluorescence patterns are 
all quite variable, and none of the 
aforementioned lesions are generally 
firmly diagnosed on the basis of a 
fluorescein study. 


Ultrasonography in Diagnosis 


B-scan ultrasonography is a simple 
and often diagnostic investigation in 
many of these conditions. In osseous 
choristoma, B sean demonstrates the 
highly reflective echoes of a bony 
mass, with resultant shadowing of the 
orbital pattern posterior te the lesion. 
Reduction of sensitivity shows nota- 
ble persistence of the echoes arising 
from the mass. Malignant melanoma 
of the choroid shows lower reflectivity 
from the mass with acoustic “hollow- 
ness" and “choroidal excavation.” 
Some shadowing of the orbital fat 
pattern may be seen, but this shadow- 
ing is only a relative finding in 
comparison to the notable shadowing 
that is due to bony lesions. Metastatic 
lesions, choroidal hemangiomas, and 
subretinal hemorrhages generally 
show medium to high internal reflec- 


tivity, no “excavation” of the choroid, 
and no shadowing of the orbital fat 
pattern. The A-scan technique is 
equally valuable in the differentiation 
of these conditions. 


Roentgenogram and CT Scans 


Roentgenograms and ©T sean of 
the eyes may show the bone, and these 
techniques virtually confirm the diag- 
nosis, whereas in melanoma and 
metastatic lesions, bone is unlikely to 
be seen. If bony metaplasia has 
occurred in choroidal hemangioma, in 
scarred subretinal hemorrhage, or for 
any other reason, it would also be 
demonstrated by these techniques. 


Conclusion 


A good clinical history and exami- 
nation, followed by careful ancillary 
investigations should firmly establish 
the diagnosis of osseous choristoma 
and avert the risk of unnecessary 
invasive procedures and even unwar- 
ranted enucleation. 


This investigation was supported in part by the 
Retina Research and Development Foundation, 
Philadelphia, and the Lions Club-of Pennsylva- 
nia. 

David Silva, Terrance Tomer, and Donald 
Morozin provided photographic assistance, and 
Mrs Marcelle Joffe assisted with the manuscript 
preparation. 


References 


1. Hogan MJ, Zimmerman LZ: Ophthalmic 
Pathology: An Atlas and Textboor. Philadelphia, 
WB Saunders Co, 1962, p 63. 

2. Reese AB: Tumors of the Eye, ed 3. Hagers- 

town, Harper & Row Publisk»rs Inc, 1976, 
p 271. 
3. Witschel H, Font RL: Hemzngioma of the 
choroid: A clinicopathologic study-of 71 cases and 
a review of the literature. Surv Ophthalmol 
20:415-431, 1976. 

4. Shields JA, Hagler WS, Federman JL, et al: 
The significance of the radioactive phosphorus 
uptake test (P) in the diagnosis of posterior 
uveal melanomas. Trans Am Asad Ophthalmol 
Otolaryngol 70:297-306, 1975. 

5. Gass JD, Guerry RK, Jack R, et al: Choroidal 
osteoma. Arch Ophthalmol 96:42—-435, 1978. 

6. McLean EB: Hamartoma of the retinal 
pigment epithelium. Am J Op/*halmoel 82:227- 
231, 1976. 

7. Leonard BC, Shields JA, McDonald PR: 
Malignant melanoma of the uveal tract in chil- 
dren and young adults. Can J Op/.thalmol 10:441- 
449, 1975. 

8. Shields JA, Rodrigues MMR. Sarin LK, et al: 
Lipofuscin pigment over benign artd malignant 
choroidal tumors. Trans Am Acad *Ophthalmol 
Otolaryngol 81:871-879, 1975. 

9. Shields JA: Metastatic tum-rs to and from 
the eye: Clinical and pathologic censiderations, in 
Croll MN, Brady LW, Carmichae! PL, et al (eds): 
Nuclear Ophthalmology. New *Yerk, John Wiley 
& Sons Inc, 1976, pp 152-153. 


Osseous Choristoma—Joffe et al 


Peptostreptococcal Endophthalmitis 


With a Relapsing Course 


Gary I. Masos, MD; Gaolam A. Peyman, MD; Lee M. Jampol, MD; Robert C. Fletcher, MD; Motilal Raichand, MD 


* A posttreumatic exogenous endoph- 
thalmitis developed that was due to 
Peptostrepto-accus. This Gram-positive 
anaerobe wes isolated in pure culture 
from vitreous. The endophthalmitis 
showed a Dacterioswogic and clinical 
relapse despite conventional routes of 
antimicrobial treatmeat. A second clinical 
relapse occurred despite apparent vitreal 
Sterilization with inteavitreal antibiotics. 
The response to vitrectomy was impres- 
sive, and pestoperatively the patient's 
visual acuity improved to 20/20. 

(Arch Oph halmol 96:1813-1816, 1978) 


ptostrepiococces is an aerotoler- 

ant anserobic Gram-positive coc- 
cus, Which we repert as a cause of 
exogenous 2ndophthalmitis. This or- 
ganism wa: isolated in pure culture 
from the vitreous after a relapsing 
posttrauma.ie endcphthalmitis failed 
to respond to 11 days of antibiotic 
therapy by cenventional routes. Con- 
trol over th= anaerobic infection was 
finally achieved wiih intravitreal an- 
tibioties ami pars plana vitrectomy. 
The patients visual acuity returned to 
20/20 with a normal electroretino- 
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gram (ERG). Speculation is offered as 
to why the peptostreptococcal endoph- 
thalmitis could not be managed with 
less invasive methods of treatment. 


REPORT OF A CASE 


A healthy 14-year-old boy was admitted 
to the hospital for treatment of a hypo- 
pyon. Forty hours prior to admission his 
right eye was struck by a plastie pinhead 
propelled through a straw. The pinhead 
itself was presumably covered with the oral 
secretion of the assailant. The foreign body 
perforated the cornea, deflected from the 
globe, and left the patient with blurred 
vision and pain. These symptoms tran- 
siently improved and then worsened after 
eight hours, which prompted the patient to 
seek local ophthalmologic care. He was 
treated with polymyxin B sulfate-neomy- 
cin sulfate-gramicidin ointment and homa- 
tropine 5% eye drops topically, 20 mg of 
gentamicin sulfate subeonjunctivally, 250 
mg of penicillin V potassium orally every 
six hours, and 10 mg of prednisone orally 
every eight hours. When, after 24 hours, his 
ocular inflammation increased despite the 
above measures, he was referred to the 
Illinois Eye and Ear Infirmary. 

Visual acuity at the time of admission 
was 20/400 in the right eye and 20/25 in 
the left. External examination of the right 
eye disclosed swelling of the right upper 
eyelid. The conjunctiva was chemotic 
temporally. The pupil of the right eye 
measured 6 mm in diameter and no direct 
or consensual response was present. The 
pupil of the left eye was 4 mm and reac- 
tive. 


Slit-lamp biomicrosopy of the right 
cornea showed a self-sealed 2-mm perfora- 
tion at the 7-o'clock position just anterior 
to the limbus. The overlying corneal epithe- 
lium was intact. The endothelium had 
deposits of fine WBCs. Gonioscopy showed 
a single, small peripheral anterior synechia 
sealing the corneal wound. The formed 
anterior chamber showed a dense fibrinous 
coagulum that had localized over the ante- 
rior lens capsule, which made it impossible 
to evaluate the integrity of the lens. There 
were 4+ cells and flare in the anterior 
chamber and a 2-mm hypopyon. The left 
eye was entirely normal. The intraocular 
pressures, as determined by Goldmann's 
applanation tonometry, were 10 mm Hg in 
the right eye and 11 mm Hg in the left. 

Ophthalmoscopic examination showed a 
hazy orange reflex in the right eye and a 
normal dise, macula, and periphery in the 
left eye. Roentgenograms, including bone- 
free views of the right eye, did not show 
any foreign bodies. The initial impression 
was a fibrinous iritis with hypopyon, possi- 
ble endophthalmitis, and a possible rup- 
tured lens capsule following a perforating 
corneal injury. 

On admission the conjunctiva was 
swabbed and anterior-chamber paracente- 
sis was performed for smear and culture on 
anaerobic and aerobic media. No vitreous 
tap was done because the admitting physi- 
cian believed that the organism had 
entered the eye through the anterior 
segment. The patient was empirically 
started on a regimen of gentamicin and 
polymyxin B-neomycin-gramicidin eye 
drops on alternate hours, topical 5% homa- 
tropine every two hours, and 0.1% dexa- 


Endophthalmitis—Mason et al 1813 


me LN 
5 AS 


methasone phosphate every six hours. In 
addition, the following drugs were admin- 
istered: 20 mg of gentamicin sulfate 
subconjunctivally daily; 2 gm of methicillin 
sodium every six hours intravenously (IV); 
70 mg of gentamicin sulfate every eight 
hours intramuscularly (IM); 60 mg of pred- 
nisone orally daily; and 500 mg of probeni- 
cid orally every six hours. 

The hypopyon decreased on the second 
hospital day, although the heavy fibrinous 
reaction in the anterior chamber was still 
prominent. Increasing vitreous opacity 
caused the visual acuity to deteriorate to 
counting fingers and, by the third day, to 
hand motions at 90 cm. At this time the 
intraocular pressure was 10 mm Hg. The 
lids were minimally edematous and the 
conjunctiva was 2+ injected. The cellular 
aggregates in the anterior chamber were 
smaller than on the previous examination. 
The lens was free of opacity except for that 
caused for an overlying fibrin plaque. The 
lens capsule was intact. The hypopyon and 
corneal haze had almost completely re- 
solved, and for the first time the vitreous 
cellular reaction allowed an obscured view 
of the disc. Because of this clinical 
improvement on day 3, topical eye drops 
and oral steroid therapy were tapered off 
and the daily subconjunctival administra- 
tion of gentamicin was discontinued. Anti- 
bioties given by the systemic route were 
maintained at the same dosages. 

No organisms were seen on the Gram- 
stained aqueous fluid. Cultures of aqueous 
humor for bacteria and fungi were similar- 
ly negative. The Giemsa stain showed 
many polymorphonuclear leukocytes, some 
mononuclear cells, and no macrophages. 
Staphylococcus aureus grew from the 
eonjunctival culture only. 

By day 7, visual acuity had improved to 
15/200. The conjunctiva was minimally 
injected. There were 2+ cells and flare in 
the anterior chamber and the fibrinous 
coagulum had totally cleared. Although the 
lens was clear, there was early whitish, 
fluffy organization of the inferior vitreous. 
The vitreal reaction was stable on day 8 
and the patient was discharged. His medi- 
cation included 1 g of cephalexin mono- 
hydrate orally every six hours, 20 mg of 
prednisone orally daily, and cycloplegic and 
antibiotic eye drops topically every six 
hours. The topical steroid therapy was 
discontinued. 


Two days following his discharge from. 
the hospital, the patient was readmitted — 


for increased pain and swelling of the right 
eye. Visual acuity had decreased to count- 
ing fingers. The conjunctiva evidenced 
recurrence of chemosis, and the anterior 
chamber showed increased cellular reac- 
tion. The posterior segment view was defi- 
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nitely hazier owing to an increased 
vitreous inflammatory reaction. 

The polymyxin B-neomycin-gramicidin 
eye drops were discontinued and intensive 
topical steroid therapy was begun, as well 
as 30 mg of prednisone orally daily. 
Repeated roentgenographic examination 
of the orbit did not show any foreign 
bodies. This time aspiration of both aque- 
ous and vitreous fluids for smear and 
culture was performed. After a translimbal 
20-gauge needle was used in the anterior 
chamber, a 22-gauge needle was introduced 
into the vitreous via a Ziegler's knife entry 
at the pars plana. An intravitreal injection 
of 200 ug/0.1 ml of gentamicin sulfate and 
200 ug /0.1 ml of dexamethasone phosphate 
was given empirically. 

A Gram stain of the aqueous humor was 
again negative. Giemsa-stained vitreous 
and aqueous fluid showed some poly- 
morphonuclear leukocytes and lympho- 
cytes, especially in the vitreous. A Gram 
stain of vitreous aspirate showed many 
chains of ovoid (Gram-positive) bacteria. 
The patient was placed on a regimen of 4.8 
million units of penicillin V potassium IV 
every four hours and 70 mg of gentamicin 
sulfate IM every eight hours. Through the 
previous two paracentesis tracts, two new 
injections of clindamycin, 500 ug/0.1 ml 
each, were given intravitreally and in the 
anterior chamber. 

The patient improved clinically during 
the next three days, with decreasing aque- 
ous and vitreous inflammation. No growth 
of either vitreous or aqueous aspirate was 
noted. By day 4, however, Streptococcus, 
which was later definitely classified as 
Peptos intermedius, grew from the vit- 
reous fluid very slowly on aerobic and more 
rapidly on anaerobic culture plates. The 
organism was sensitive to all antibiotics 
tested, including clindamycin, gentamicin, 
cephalothin, and penicillin. At this point, 
the gentamicin was discontinued. 

On day 10 the vision in the right eye was 
counting fingers at 90 cm. Because the 
fundus view was improved and the right 
eye was less inflamed, therapy was 
changed from IV to oral penicillin with 
intent to observe the patient prior to 
discharge. But on day 12, vitreous haze 
increased, obscuring the view of the poste- 
rior pole. The conjunctiva showed 2+ injec- 
tion and the aqueous humor now had 4+ 
cells with the reappearance of a fibrinous 


exudate. 


The findings prompted investigation 
with a bright-flash ERG, which was 
normal, and a B-scan ultrasonogram, which 
did not show any foreign bodies or retinal 
detachment. On day 12, emergency pars 
plana vitrectomy to remove a presumed 
vitreous abscess was performed after a 


repeated vitreous tap was done for culture 
and smear. The vitrectomy infusion solu- 
tion contained 4 pg/ml of gentamicin 
sulfate and 10 ug/ml of clindamycin. 

Three days after vitrectomy, visual acui- 
ty in the right eye was 20/60. The lens 
remained clear. A fundus view that was 
consistent with 20/20 media clarity was 
obtained. Two areas of small, hard, orange- 
yellow vitreal exudate were seen inferiorly. 
Postoperatively, cephalexin monohydrate, 
500 mg orally every six hours, was given; it 
was discontinued with the patient's dis- 
charge. 

The vitreous aspirate obtamed at sur- 
gery failed to grow bacteria or fungi. The 
smears showed many neutrophils but no 
organisms. 

The patient continued to make excellent 
recovery after vitrectomy. Visual acuity 
improved to 20/20. The small vitreal 
exudate resolved. An ERG performed one 
week postvitrectomy showed decreased 
amplitudes of a- and b-waves, but these 
returned to normal six weeks later. 


BACTERIOLOGIC 
MATERIALS AND METHODS 


The vitreous was cultured in Sabouraud’s 
media, chocolate agar, blood agar, eosin- 
methylene blue agar, thioglycelate broth, 
and in reduced anaerobic tubes. The last is 
particularly important for transport of 
fastidious anaerobic organisms:since expo- 
sure to air may not be well tolerated. The 
oxygen-free carbon dioxide collection tubes 
were used with a swab method. A portion 
of the aspirate was placed on a swab- 
stopper taken from the first gassed-out 
tube and then rapidly inserted into the 
upright second anaerobic tube. 

The transported specimen was promptly 
cultured anaerobically according to meth- 
ods of the Virginia Polytechnic Institute 
Manual. Chopped meat glueose broth, 
Columbia agar, and brain heart infusion 
enriched with vitamin K, hemin, and yeast 
were inoculated under an anaerobic cham- 
ber. After growth, cultures were picked for 
an enriched thioglycolate media. 

Because anaerobes grow slowty and their 
identification takes considerable time, the 
morphological features of the Gram- 
stained organism have particular import in 
early identification. In our case of Pepto- 
streptococcus, the finding of Gram-positive 
cocci in chains offered no speeifie identi- 
fying clue until scanty aerobic growth and 
more rapid anaerobic growth suggested 
that an aerotolerant anaerobe was present. 
Peptostreptococeal morphological charac- 
teristics are variable since the bacterium, 
usually in chains, may be found singly or in 
pairs, and may be either „spherical or 
ovoid.’ aiU. 
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Distincuishing Characteristics 
of Peccostreptecoccal Isolate 
ir Endophthalmitis 


Results, pH 


Fructose Acid, 5. 
Glucose Acid, 5. 
Lactose Acid, 5. 
Maltose Acid, 5. 
Cellcbiose Acid, 5. 
Sucrose Acid, 5. 
Esculin pH Acid, 5. 
Esculin hy: relysis Negative 
a-hemolys& Positive 
Indote Negative 


Classificatbn of anaerobic Gram-posi- 
tive cocei is kased on whether fermentable 
carbohydrate are required for growth. 
Peptostreptoesccus amd Peptococcus, the 
anaerobic a-aiogs of Streptococcus and 
Staphyiococc-s, do mot require carbohy- 
drate, where sJtuminococcus, a genus also 
found in Gr-m-positive pairs and chains, 
does. The isslated amaerobe gave an acid 
reaction in various “ermentation media, 
which suggests Peptostreptococcus (Table). 
Morphological features and findings from 
cultures, bio hemical tests, and gas chro- 
matographic analysis of metabolic prod- 
ucts (Figure) identied our species as 
Peptos intermedius. 

Antibiotic sensitivities were performed 
with disc-di=usion and broth-disc meth- 
ods. The former was according to a modif- 
ied Kirby-Bzuer metnod under anaerobic 
conditiens using blood agar. In the broth- 
disc sensitiv=y methed, the organism was 
inoculated “to pre-educed brain-heart 
infusion breth containing a prescribed 
number of =1tibiotic discs.’ Sensitivity is 
indicated by zones ef inhibition in the 
disc-diffusior method and by the absence 
of turbidity im the broth-dise method. 
Anaerobic sensitivities usually vary with 
the methoddogy of testing. The isolate 
obtained frcm anaerobic subcultures was 
sensitive by beth mezhods to cephalothin, 
chlorampher col, erythromycin, gentami- 
cin, penicillix, and tetracycline. It was only 
moderately =nsitive *o oxacillin and ampi- 
cillin, and was resistant to neomycin and 
sulfisoxazole 


COMMENT 


A recent review of nonsporeform- 
ing anaerebic ocular infections de- 
tailed the ole of these organisms as 
contaminarts, syrergists, and pri- 
mary pathegens.’ In particular, isola- 
tions ef Pentostreptococcus have been 
reported for orbizal cellulitis,‘ con- 
junctivitis, keratitis,*° canaliculitis, 
dacryecyst-tis,* and endophthalmitis.’ 
This report éocuments a posttraumat- 
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Gas chromatographic profile 
of metabolic products of 
Peptostreptococcus interme- 
dius. 
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ie endophthalmitis caused by Pepto- 
streptococcus obtained in pure culture 
from the vitreous. 

This case report is unique not only 
for the microbe isolated, but also for 
the relapsing course of the endoph- 
thalmitis despite appropriate antimi- 
crobial therapy. Eleven days after 
normally adequate doses of IV, IM, 
subconjunctival, and topical antibiot- 
ies, there was a recrudescence of the 
infection (documented by cultures), 
and 11 days after the above men- 
tioned routes of drug administration 
were combined with intravitreal anti- 
biotics, the patient’s eye again showed 


a clinical relapse (although cultures | 


were then negative). Pars plana 
vitrectomy using an infusion solution 
that contained nontoxic doses of 


gentamicin and clindamycin finally 


achieved a cure for the endophthalmi- 
tis. This was 23 days after the initial 
injury. 

Although the responsible organism 





was not identified by vitreous smear 
until the 11th day after trauma, the 
antibiotics chosen were appropriate, 
retrospectively, for the anaerobe. Al- 
though most anaerobes are resistant 
to the aminoglycosides. eg, gentami- 
cin, the Peptostreptocoecus that was 
isolated was susceptible according to 
the best methods available for anaer- 
obice sensitivity testing. 

As the organism was sensitive to all 
drugs employed, it is interesting to 
speculate why conventional therapy 
failed and why the eye relapsed twice. 
It is safe to say that the first relapse 
was caused by inadequate intravitreal 
antibiotic concentrations because Pep- 
tostreptococcus was present after pro- 
longed systemic and periocular thera- 
py. Twelve days after intravitreal 


injection and injection into the anteri- 


or chamber, and following more 
systemic antibiotic therapy, vitrecto- 
my was required owing to further 
clinical deterioration. The vitreous 
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was found to be sterile at this time. 
This second relapse may have been 
due to a second bacteriologic relapse 
or may have been related to the 
presence of products of the dead or- 
ganism, which, like an abscess, re- 
quired removal by lavage and drain- 
age. Sterilizing an eye may not be 
sufficient to prevent damage if toxins 
are present, and vitrectomy may be 
necessary for their removal. 

Special features of Peptostreptococ- 
cus may have been contributing to the 
unusual clinical course that was 
observed. Like most anaerobes, it is 
slow growing and requires sufficient- 
ly low redox potential for multiplica- 
tion. Altered host factors, such as 
trauma, necrosis, poor blood supply, 
retained foreign material, or the 
presence of synergists such as Sta 
aureus or Bacteroides, favor its 
growth. Under normal conditions, the 
organism is found only as an inhabi- 
tant of human skin and mucosal 
surfaces." It has been recovered 
from the conjunctiva in 6% of control 
subjects.* 

We may speculate in this case that 
to explain pathogenicity either the 
inoculum was high, the intraocular 
redox potential was low, a synergist 
was present, or toxins were produced. 
It is possible that a synergistic organ- 
ism may have been missed because it 
was present early but sterilized sooner 
than Peptostreptococcus. The failure 
to perform vitreous aspiration in the 
initial diagnostic procedures prevents 
us from excluding this possibility. It is 
also possible that a synergist was not 
cultured when a needle aspirate was 
finally obtained because an intravit- 
real locus existed for one organisms 
where the other was locally absent. 
These two possibilities were sug- 
gested experimentally by a rabbit 
intradermal model of Peptos interme- 
dius synergy with Sta aureus in 
which it was shown that when the 
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Peptostreptococcal inoculum is small, 
pathogenicity of the anaerobe de- 
pends on the simultaneous presence of 
Staphylococcus." Furthermore, the 
two organisms acting in synergy 
produce a lesion in which pure eultures 
of one or the other were geographical- 
ly segregated." We may speculate, 
based on this model, that if a syner- 
gist were present, the site of the 
vitreous biopsy might be crucial as to 
which organism was recovered. 

With respect to pathogenicity from 
toxins, in vitro studies failed to 
demonstrate that Peptos intermedius 
produces toxins, antigens, or en- 
zymes."' Yet it is possible, as has been 
shown for group A Streptococcus, that 
an enzyme or toxin, eg, hyaluronidase, 
is produced only in vivo." 

In spite of the relapsing course of 
the peptostreptococcal endophthalmi- 
tis, the patient recovered good vision. 
In a previous report of ten cases of 
anaerobic endophthalmitis, five eyes 
recovered visual acuity of 20/50 or 
better. None of these ten cases was 
treated with intravitreal antibioties or 
vitrectomy. 

In this case, we believe that two 
components of therapy were crucial: 
(1) intravitreal injection of an anti- 
biotic to sterilize the vitreous, and (2) 


vitrectomy to physically remove prod- , 


ucts of the organisms, even though the 
vitreous may have been previously 
sterilized. We also believe that a diag- 
nosis of bacterial endophthalmitis 
may be missed unless both the aque- 
ous and vitreous humors are tapped in 
all suspected cases. Based on our expe- 
rience in this case, this should be done 
for posttraumatic exogenous endoph- 
thalmitis, even if it appears that the 
organism has entered through the 
anterior segment. The patient’s aque- 
ous humor cultures and Gram stains 
were negative on two occasions de- 
spite a positive vitreous culture and 
Gram stain. Where there is no need to 


tap the vitreous if the aqueous fluid 
shows microbes, in practical terms, 
both the aqueous and vitreous fluids 
are more conveniently aspirated at 
the same sitting whether or not the 
eye is aphakic. 


Krishan Nagpal, MD, referred the patient. 
Jonathan Liff assisted with the cultures and 
identification of the organism. 


Nonproprietary Names 
and Trademarks of Drugs 


Cephalexin—Keflex, Keforal. 
Clindamycin—Cleocin. 
Gentamicin sulfate—Garamycin. 
Gramicidin—Gramoderm. 
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Inflammatory Orbital Pseudotumor 


A Clinie»pathologic Study 


Richard M. €havis, MD; Alec Garner, MD, PhD; John E. Wright, FRCS 


* Fifty-five patients, suspected on clini- 
cal greunds of having an inflammatory 
orbital pseuciotumor, were studied retro- 
spectively. Clinical groups based on natu- 
ral history cr response to corticosteroid 
therapy wee correlated with available 
histopatholcgical findings. These findings 
were interpreted without knowledge of 
clinica! grosping or previous pathology 
reports. Altmough dogmatic statements 
are not possible, several conclusions are 
warranted. (1) Bilaterality was not signifi- 
cantly related to response to steroids or 
developmerr of systemic disease. (2) 
B-scan ultresenography, while not diag- 
nostic, prowded a worthwhile investiga- 
tive teehnique. (3) Germinal follicles are 
associated with a good prognosis and 
indicate a reactive lesion, while diffusely 
distributed ymphoblasts are associated 
with steroie unresponsiveness and a 
probabie neoplastic lymphoid lesion. (4) 
Eosinophils are more common in reactive 
lesions tham in presumed lymphomas. 
Other celluar components showed no 
preferential distribution in either neoplas- 
tic or nonneoplastic groups. 

(Arch OpFithalmol 96:1817-1822, 1978) 
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he original description of orbital 

pseudotumor by  Birch-Hirsch- 
feld' in 1905 included any nonneoplas- 
tic orbital inflammatory lesion. Our 
understanding of these problems has 
increased only a little over the years, 
as is evidenced by the retention of the 
rather noncommittal term "orbital 
pseudotumors." Responses to the use 
of this term in the literature have 
ranged from resignation to its contin- 
ued use? to pleas for its removal in 
favor of more positive nomenclature.* 
À change in nomenclature is desirable, 
but hardly possible until a reasonable 
classification based on an understand- 
ing of etiological factors and probable 
behavior is available. Unfortunately, 
information concerning the cause of 
orbital lymphoproliferative disease is 
almost nil, but of equal value from a 
clinical standpoint would be a classifi- 
cation based on prognostic implica- 
tions. Consequently in this report we 
describe a retrospective study of 
patients suspected on purely clinical 
grounds of having an inflammatory 
orbital pseudotumor, grouping the 
patients according to clinical behavior 
and, where relevant, response to corti- 
costeriod therapy. On the basis of 
these clinical groups we then reviewed 
the histological findings of the orbital 
lesions in those patients who had had 
biopsies. In particular we examined 
the extent to which the character of 
the cellular infiltrate correlated with 
the response to therapy and eventual 
prognosis. In patients who had had 


more than one biopsy we looked for 
evidence of a change in the nature of 
the infiltrate. 


METHODS 


Fifty-five patients presented to the 
Orbital Clinic at Moorfields Eye Hospital 
between 1969 and 1976 with a clinical 
picture consistent with inflammatory or- 
bital pseudotumor (proptosis, pain, diplo- 
pia, and lid swelling). Although this clinical 
picture may be mimicked by many condi- 
tions, no patient was included in whom a 
definitive diagnosis was possible. Patients 
were reviewed and placed into one of five 
clinical groups. Groups | to 4 were classi- 
fied on the basis of history, clinical picture, 
and response to corticosteroid therapy. The 
four clinical groups were as follows: group 
1, spontaneous remission (resolved without 
steroids); group 2, good response to 
steroids (resolved with steroids, no recur- 
rence during follow-up); group 3, transient 
response to steroids (resolved with ster- 
oids, but recurrence during follow-up); 
group 4, poor response to steroids (no reso- 
lution). Group 5 consisted of patients 
suspected of having a lymphoid neoplasm 
on the basis of initial biopsy findings and 
were treated by irradiation. This group 
was included for purposes of comparison, 
especially with clinical groups 3 and 4. 

Steroid treatment consisted of oral pred- 
nisolone. Initial dosage was 40 to 60 mg/ 
day for five days, then dosage was 
decreased at a rate dependent on response, 
ie, in those patients responding quickly 
dosage was tapered more rapidly. Most 
treatment periods ranged from 30 to 90 
days. 

Grouping of patients was als 
on the basis of various other, 





including ultrasound, polytomography, ve- 
nography, computerized tomography, and 
immunoelectrophoresis. 

Biopsy results were available in 34 
patients, while second biopsies were per- 
formed at varying time intervals in eight 
patients. All biopsy findings were inde- 
pendently reviewed at the Institute of 
Ophthalmology (A.G.) without knowledge 
of the original pathology report, pertinent 
clinical history, or response to therapy. The 
character of the cellular infiltrate was then 
correlated with the clinical groupings. 

In patients who had more than one biop- 
sy, evidence of a change in the nature of 
the infiltrate was sought. . 


RESULTS 
Clinical Features 


There were 33 male and 22 female 
patients. The age distribution was as 
follows: 3 patients aged 0 to 20 years, 
11 patients aged 21 to 40, 24 patients 
aged 41 to 60, 15 patients aged 61 to 
80, and 2 aged 81 or more. The slight 
preponderance of this disease in the 
right orbit, as reported in the litera- 
ture, is confirmed.’ Occurrence was 
more commonly unilateral than bilat- 
eral, although the latter occurred in a 
substantial number of patients. Clini- 
cal manifestations in our series, ie, 
proptosis and pain being the primary 
features, did not differ from those 
previously reported.*^ 


Investigations 


A most helpful diagnostic tech- 
nique, after an adequately elicited 
history and the physical examination, 
was ultrasonography. B-scan ultrason- 
ography in our laboratory has been 
especially helpful in adding confirma- 
tory evidence for the presence of a 
lymphoproliferative disorder. Twen- 
ty-two patients were investigated, 
with findings suggestive of lymphoin- 
flammatory disorders in 19. These 
findings included a diffusely infiltrat- 
ing acoustically heterogenous lesion 
with irregular, unencapsulated bor- 
ders. There was often an irregular 
acoustic pattern in the affected orbit- 
al fat, causing a characteristic mottled 
appearance (Fig 1). Sometimes the 
ultrasound also revealed a sclerote- 
nonitis as part of the inflammatory 
process. Fluid within Tenon's capsule 
or around the optic nerve was revealed 
(Fig 2). 

Polytomography (31 patients), ve- 
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nography (51 patients), and computer- 
ized tomography (12 patients) were of 
little value in the diagnosis and 
management of lymphoproliferative 
orbital lesions in patients suspected of 
having them. Similarly, immunoelec- 
trophoresis, completed in 58 patients, 
revealed no consistent abnormalities. 


Clinical and 
Histopathological Correlations 


The 55 patients for whom adequate 
history and follow-up data were avail- 
able were placed in the appropriate 
clinieal group. Twenty-seven cases 
made up the good response group, 
with none progressing to further 
disease, either systemic or local. 
Significantly, seven of 22 "poor re- 
sponders" on later investigations de- 
veloped previously unsuspected dis- 
ease: three had lymphoma (dissemi- 
nated) and one each had reticulum cell 
sarcoma, multiple myeloma, ocular 
myasthenia, and eosinophilie granulo- 
ma. 

The histopathological-clinical corre- 
lations of the 34 patients with avail- 
able histological findings were then 
tabulated (Table). Histological assess- 
ment was based on the following cellu- 
lar characteristics: (1) degree of lym- 
phocytie infiltration, (2) presence of 
germinal follicles, (3) presence of 
diffusely distributed lymphoblasts, (4) 
plasma cell numbers, (5) presence of 
eosinophils, and (6) macrophage num- 
bers. Massive lymphocytic infiltration 
and diffusely distributed lympho- 
blasts predominated in groups 4 and 5. 
Germinal follicles, however, were seen 
only in spontaneous remissions (group 
1). Plasma cells and macrophages 
were evenly distributed throughout 
the clinical groups, but eosinophils 
were found more frequently in the 
readily resolving lesions (groups 1 and 
2) than in the nonresponding groups 
(3 and 4). 

Eight patients had repeated biop- 
sies. Five of these occurred after 
intervals of 8 to 45 months because of 
inadequate response to corticosteroid 
therapy (one patient in group 3 and 
four patients in group 4). In three, 
lymphoblasts were present in the 
second biopsy specimen, although 
none were detected initially. A fourth 
revealed lymphocytes in the repeated 


biopsy specimen after the initial biop- 
sy specimen had shown no abnormali- 
ty. The fifth patient in this group had 
shown lymphocytes and lymphoblasts 
in the initial biopsy specimen. A simi- 
lar pieture presented on the repeated 
biopsy specimen, together with an 
increased number of macrophages. 


COMMENT 


Lymphoproliferative swellings 
within the orbit can be either reactive 
(inflammatory) lesions tha: will re- 
solve spontaneously, helped in some 
instances by the administration of 
corticosteroids, or neoplastic prolifer- 
ations requiring radiotherapy. There 
appears to be a wide difference in 
prognosis, and it is of some concern 
that a proportion of lesions cannot 
reliably be assigned to one group or 
the other. It is also significant that 
many lymphoproliferative lesions of 
the orbit resolve neither spontaneous- 
ly nor with the aid of steroids, and yet 
have little or no tendency to spreac to 
other sites. Equally, solitary lympno- 
cytic tumors (lymphomas) with a 
malignant potential for subsequent 
dissemination are reliably docu- 
mented.’ One may ask if it is ever safe 
to assume that a reactive (mflamma- 
tory) lesion will not develop inte a 
neoplasm, or that a benign lymphoma 
will not become malignant. Is there 
any dependable way of predicting how 
a given lesion is likely to behave? The 
present study approached the problem 
of orbital lymphoproliferative disease 
by first correlating the clinical treat- 
ment response characteristics, and 
then after “single-blind” interpreta- 
tion of the biopsy material, corre at- 
ing the histopathological features 
with the clinical characteristics. This 
approach is, we believe, unique. I: is 
also significant that in the present 
investigation all patients were evalu- 
ated and followed up in the Orb tal 
Clinie at Moorfields Eye Hospital. 
Previous studies involving a la-ge 
series of patients^* were multicentric, 
with questionable consistency in the 
initial selection and evaluation of 
patients. 


Clinical Features 


Our findings of male/fémale ratio, 
age at onset, and incidence of laterali- 
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ty were ecnsistemt with those of 
previously eportee series."^* Bilater- 
ality, in our series. seems to be mini- 
mally related to echer clinical course 
or later development of systemic 
disease. Hilateral disease was ob- 
served in ‘eur of 27 patients (15%) 
whose conditions responded well to 
steroids and in feur of 22 patients 
(18%) whese conditions responded 
poorly. Name of the seven patients 
who had seksequeat local or systemic 
disease hac bilateral inflammatory 
disease. These findings are at vari- 
ance with previous reports correlating 
bilateralitr and severity of disease.^* 
Blodi and Gass? reported that five of 
13 patients they studied with bilateral 
involvemea: evertually manifested 
systemic disease. 


investigations 


The mos worthwhile investigations 
proved to be the history, physical 
examinatien, B-scan ultrasonography, 
and biopsy. Ultrassnography provided 
evidence swgestive of lymphoprolif- 
suggested 


erative cisorder, and 





Fig 1.—B-scan ultresonography, illustrat- 
ing mottlec areas (arrows) within fat pad 
behind glo»e. 


where in the spectrum of these 
diseases a specific lesion might lie. 
Characteristic of the pseudotumor end 
of the spectrum is inflammatory 
mottling, with moderate sound ab- 
sorption in the involved fat pad. As 
the lymphoma and steroid-resistant 
pseudotumor end of the spectrum is 
approached there is a tendency to a 
more discrete lesion. There is accord- 
ingly less sound absorption, with the 
posterior border of the tumor often 
being identified. In addition, histolog- 
ically proven lymphomas have re- 
vealed a lobulated pattern on ultra- 
sound. Ultrasonography however is 
not absolutely diagnostic, since there 
are many exceptions to the above 
findings, added to which this tech- 
nique is not able to. distinguish 
between lymphoid neoplasms and 
metastatic carcinomas. Computerized 
tomography may prove useful in 
providing diagnostic guidelines for 
these lesions. In our series this tech- 
nique provided little useful informa- 
tion, although too few patients were 
tested to support any conclusions. The 
limited immunological studies under- 
taken in our study were not helpful, 
but it is entirely possible that more 
precise measurements of immunoglo- 
bulin levels and T-cell function will 
add to an understanding of the 
disease process. 


Clinical and 
Histopathological Correlations 


We studied 55 patients retrospec- 
tively, dividing them into five clinical 
groups: the first, those whose lesions 


resolved spontaneously; the second, 
third, and fourth, thos» whose lesions 
responded to steroids: and the fifth, 
those who had biopsy-suspected lym- 
phoma. Significantly no progression 
to systemic disease was documented 
in any patient whose lesions either 
resolved spontaneously or responded 
well to steroids (graups 1 and 2). 
However, of the patients whose 
lesions responded poorly or not at all 
to steroids (groups 3 and 4), seven 
were found to have a systemic or 
previously unsuspected disease on fol- 
low-up examination, -hree revealing 
disseminated lymphoraa. In the light 
of our observations o: the respective 
clinieal groups, we rev ewed the histo- 
logical findings of the biopsied tissue 
(Table). Our objective was to examine 
the extent to which tne character of 
the cellular infiltrate correlated with 
the response to therapy and eventual 
prognosis, and the extent of any 
change in nature of .he infiltrate in 
patients who had more than one biop- 
sy. All biopsy findings were reviewed 
by a single observer without knowl- 





Fig 2.—B-scan ultrasonography, illustrat- 
ing fluid within optic nerve sheath 
(arrow). 


Histopathological Findings in Patients Grouped According to Clinical Behavior* 


Group 1 
Histowgical Findings 
Massive “+ + +) wmphocytic 
mfiltresien. 


Germine- follicles 


Lympho»lasts 
(diffussly distributed) 


7,16,41,59 


Plasma -ells 
Modeste 
Minimal 26,35 
Abser- 0 

Ecsinopniis 
Preseat 
Absert 

Macrop ages 
Modesate 
Minimal * . 


16,35,41,66 
7,10,26,59 


16,26 
*Patientscenoted with identification number. 


Arch Oph-almol—J4ol 96, Oct 1978 


8 Patients 


7,10,16,41,59,66 


7,10,35,41,59,66 


Group 2 
6 Patients 


Group 3 
4 Patients 


0 
1,8,18,49,56 6,11,36,47 
27 0 


1,8,49,56 0 
18,27 6,11,36,47 


1,8,18,49,56 
27 


Group 4 
10 Patients 


Group 5 
6 Patients 


23,40,48,45 37,68,69,70,71,72 


17,22,23,40,48 37,68,69,70,71,72 


12,17,31,40 2J 
20,22,23,48,50,45 70 
0 57,68,69,71,72 


20,31,45 58 
12,17,22,23,40,48,50 57,69,71,72,70 


67,68,71 
70,69,72 


17,22,23,40,48,50 
12,20,31,45 
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Fig 3.—Group 1 (case 59). Section of orbital swelling, showing 
proliferating lymphocytes with well-defined germinal follicles 


(hematoxylin-eosin, x 125). 





Fig 4.—Group 1 (case 59). Edge of germinal follicle containing 
pale-staining reticulum cells, blastic follicle center cells, and 
occasional cleaved nuclei in maturing lymphocytes (arrows) 
(hematoxylin-eosin, x 800). 





Fig 6.—Group 2 (case 8). Marked infiltration of orbital connective 
tissue by mature lymphocytes with scattered plasma cell, eosino- 
phils, and macrophages (hematoxylin-eosin, x 200). 
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Fig 5.—Group 1 (case 59). Center of another germinal follicle, 
showing hematoxyphil nuclear debris within cytoplasm of macro- 
phage (arrow). Such inclusions (Flemming bodies) are character- 
istic of reactive hyperplasia. Plasma cells are also present 
(hematoxylin-eosin, x 500). 
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Fig 7.—Group 3 (case 6). Orbital tissue is infiltrated with mature 
lymphocytes as well as occasional macrophages and plasma 
cells. Also present are scattered lymphoblasts (arrows), some 
with prominent nucleoli and faintly basophilic cytoplasm (immu- 
noblasts) (hematoxylin-eosin, x 500). 
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Fig 8.—Gror p 4 (cass 23). Lymphoid infiltration of orbit, showing 
many 'mmuaebiasts spread diffusely throughout lymphoid tissue. 
Patient refused treatment and died with disseminated lymphoma 
deposits (h« matoxylin-eosin, x 500). 


edge of th= original histological diag- 
nosis, and withou. knowledge of the 
clinical beFavior or response to thera- 
py where »nescribed. If the histologi- 
cal findings in the 14 patients whose 
lesions resolved with or without 
steroids (g-eups 1 and 2) are compared 
with those whose lesions responded 
transientl» or not at all (groups 3 and 
4), it seers that the most distinctive 
differences relate to the presence and 
location o- transformed lymphocytes 
or lymphooiasts. Where the lympho- 
blasts wer» within germinal follicles 
there wa. a uriformly favorable 
outcome, whereas lymphoblasts 
spread difusely tarough the cellular 
infiltrate were associated with a 
uniformly poor prognosis. The latter 
frequently presenzed the features of 
immunobl.sts, ie, cells with a poten- 
tial for immunoglobulin or lympho- 
kine synthesis, in the form of weakly 
basophilic cytoplasm surrounding a 
nucleus shewing a centrally positioned 
nucleolus. The RNA content of the 
cytoplasm was confirmed by methyl 
green-pyrenin staining. Some of the 
maturing follicle center cells had 
cleaved naclei. Morgan’ reported a 
similar di&ribution of lymphoblasts in 
a review © disseminating lymphocyt- 
ic neoplz=ms and benign (possible 
reactive) ymphoeytic tumors. It is 
important nevertheless, to distin- 
guish between reactive follicle forma- 
tion and tne‘ not cissimilar morpholo- 
gy of folli*ular or-nodular lymphosar- 
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coma. In this regard the finding of 
pale-staining cells with phagocytozed 
nuclear debris (tingible or Flemming 
bodies) is strongly suggestive of a 
reactive condition as is the inclusion 
of plasma cells in the maturing 
lymphoid tissue surrounding the folli- 
cle center. Although intense lympho- 
cytie infiltration was most evident in 
the groups showing steroid resistance 
(five of 14 patients as against one of 
14 patients with remission), the 
difference is marginal. Eosinophils, 
although not confined to one group, 
were more frequent in the steroid- 
responsive groups (groups 1 and 2) 
(eight of 14 patients) than in the 
steroid treatment groups (groups 3 
and 4) (three of 14 patients). Plasma 
cell and macrophage numbers, howev- 
er, were not conspicuously different in 
either group, which contrasts with 
other claims that the presence of such 
cells foretells a favorable prognosis. 
Representative examples of the five 
groups are shown in Fig 3 to 9. 

A further point of importance is the 
validity of the diagnosis of lymphoma 
in those cases so diagnosed. The find- 
ing that the lesions in all six patients 
resolved is no measure of diagnostic 
accuracy since both neoplastic and 
nonneoplastie proliferations might 


have been expected to respond to 


radiotherapy. Insight may be pro- 
vided, however, by comparing the 
histological findings of the presumed 
lymphomas with those of ostensible 


ra » 
er x 
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Fig 9.—Group 5 (case 67). Presumed neoplastic proliferation of 


lymphocytes in orbit including many immunoblasts (hematoxylin- 
eosin, x 800). 
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pseudotumors, which were resistant to 
steroid therapy. Intense lymphocytic 
infiltration in the relative absence of 
other inflammatory cells was one of 
the criteria used to diagnose neopla- 
sia, being present in all six cases. It 
was also seen in five of the 14 patients 
whose lesions failed to respond to 
steroids, whereas only one of the 14 
lesions that resolved was similarly 
involved. Diffusely distributed lym- 
phoblasts were again present in all six 
of the presumed lymphomas, six of 14 
steroid-resistant lesions, but none of 
the steroid-sensitive group. Apart 
from some tendency for eosinophils to 
be infrequent in lesions presumed to 
be neoplastic and those unresponsive 
to steroids, other parameters provided 
little information. These observations 
suggest that the diagnoses of lympho- 
ma were justified; significantly, one 
patient (patient 23), in whom the 
lesion failed to respond to steroid 
treatment and in whom results of a 
second biopsy were construed as indic- 
ative of neoplasia, refused radiothera- 
py and died 39 months later with 
disseminated lymphoma deposits. 

In patients who had more than one 
biopsy it is appropriate to question the 
presence of progression from pre- 
sumed reactive to neoplastic states. In 
five patients in whom second biopsies 
were done after intervals of 8 to 45 
months, ie, long enough to test the 
efficacy of steroid treatment, diffuse 
lymphoblastic infiltration was seen in 
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the second specimen in three in- 
stances, although it was not apparent 
at the initial examination. A fourth 
patient showed an increase in macro- 
phages, having had lymphoblastic 
infiltration from the outset. While not 
conclusive, these findings do suggest 
that the histological picture can 
change from an ostensibly reactive 
state to one that is more in keeping 
with a neoplastic process. The poor 
prognosis of these five patients must 
be emphasized. One died of systemic 
lymphoma after having refused ap- 
propriate therapy once the diagnosis 
of malignancy was suspected. One is 
currently being treated for systemic 
lymphoma, one is receiving radiother- 
apy on the basis of his lesion’s lack of 
response to steroids, while in the 
remaining two similar treatment will 
probably be recommended. 

The limited number of cases in- 
volved in this study and the preselec- 
tion of our patient population preclude 
dogmatic statements, especially as 
there is considerable overlap in the 
histological findings between clearly 
reactive lesions and presumed neo- 
plasms. Nevertheless, the data do 
warrant some conclusions. 

e Bilaterality, in our series, was not 
significantly related to response to 
steroids or development of systemic 
disease. 

è B-scan ultrasonography, while 
not diagnostic, provided a worthwhile 
investigative technique. 

e Histopathological-clinical correla- 
tions suggest that (1) germinal folli- 
cles are associated with a good prog- 
nosis and indicate a reactive lesion. 
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These patients are not likely to appear 
with subsequent systemic or addition- 
al orbital diseases. (2) There is an 
association between diffusely distrib- 
uted lymphoblasts, steroid unrespon- 
siveness, and a probable neoplastic 
lymphoid lesion. (3) Eosinophils are 
more common in reactive lesions than 


in presumed lymphomas. Other cellu- 


lar components do not show any 
preferential distribution in either 
neoplastic or nonneoplastic groups. (4) 
Not all steroid-resistant lymphoid pro- 
liferations are necessarily lymphoid 
neoplasms. Some, especially those 
showing relatively minor degrees of 
lymphocyte proliferation, may be 
quite different nosological entities. 
Thus, one patient initially thought to 
have a reactive lymphoid disorder was 
found on repeated biopsy to have an 
orbital meningioma, while in another 
steroid treatment was continued for 
several years with minimal effect 
before thyroid dysfunction was finally 
diagnosed. Neither patient was in- 
cluded in the present study. 

Consequently, it is important not to 
overlook the possibility that an 
inflammatory lesion may be a reac- 
tion to some other orbital disorder. 
Those patients whose conditions be- 
long to the non-steroid-responsive 
groups of lymphoproliferative distur- 
bances must be followed up with 
compulsive attention both to the 
possibility of their subsequently de- 
veloping neoplastic disease and to the 
possibility that the initial diagnosis of 
inflammatory pseudotumor was 
wrong. 

In conclusion, it is strongly sug- 


gested that at the present time there 
is no single diagnostic technique able 
to provide conclusive data in the eval- 
uation of patients suspected of having 
a lymphoproliferative disorder. Prob- 
ably the patient is best served by 
careful correlation of as many diag- 
nostic techniques as practicable, with- 
out placing undue reliance on any 
one. 
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Aqueous Humor Lactate Dehydrogenase 


in Eetinoblastoma Patients 


Clin:copatholegie Correlations 


Philip. A. Pwo, Jr, MD; David H. Abramson, MD; 


Robert M. Zllsworth, MD; David Kitchin, MD 


è Agueors humor lactate dehydrogen- 
ase (_DH) levels were assayed for 23 
patients with histolegically proved retino- 
blastoma. he mean aqueous level was 
1,886 IU/It er. Twenty-one of these pa- 
tients had 3n aqueous humor LDH level 
above the r ormal mean. 

Clinicopsthological parameters were 
determinec and evaiuated using standard 
statistical frmulas. Only the presence of 
tumor in t= anterier chamber correlated 
significantly with the aqueous humor LDH 
level. 

The follawing clinical features did not 
correlate wth aqueeus humor LDH levels: 
sex, familythistory, bilaterality, prior treat- 
ment, presentation age, enucleation age, 
and metas^3sis. 

The follawing pathological features did 
not correlate with aqueous humor LDH 
levels: cakcificatior, necrosis, rosettes, 
inflammatien, choroidal or optic nerve 
invasion, c- neovascularization. 

(Arch Ophthalmo: 96:1823-1825, 1978) 
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gita dehydrogenase (LDH) is an 
ubiquitous intracellular enzyme 
found in normal cells that use glucose 
as an energy substrate. It is also 
found in lower concentrations in 
extracellular fluids such as serum, 
CSF and aqueous humor.’ Since 1957, 
it has been recognized that malignant 
tumors at different sites in the body 
are associated with an increase of 
LDH activity in the corresponding 
fluid.' 

There has been interest in the rela- 
tionship between the LDH levels and 
the aqueous humor in patients with 
retinoblastoma since 1971, when four 
cases of retinoblastoma were reported 
with elevated "aqueous humor LDH 
level." Only recently, however, have 
the aqueous humor LDH levels been 
ascertained in a large number of 
nontumor eyes. It has been empha- 
sized that the LDH specimens had to 
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be free of blood, fresh, and not frozen 
in order to ascertain the accurate 
LDH level.’ 

Elevated aqueous humor LDH lev- 
els in retinoblastoma have been 
described by a number of investiga- 
tors. Occasionally, retinoblastoma 
has been associated with low levels of 
aqueous humor LDE.* In addition, 
elevated LDH levels have been re- 
ported in the aqueous humor of two 
patients without  retinoblastoma.'* 
Despite these few occurrences of false 
positives and negatives, the observed 
levels of LDH in aqueous humor are 
usually high and at times strikingly 
high (500 to 1,000 times above normal 
levels). In two prior studies, other 
authors have attempted to correlate 
the elevation of aqueous humor LDH 
levels in retinoblastoma patients with 
clinicopathologic fincings.*? In one 
study of six patients, it was suggested 
that tumor necrosis was the cause for 
the elevated LDH levels.’ In the only 
other study correlating the clinico- 
pathologic data and LDH levels, the 
aqueous humor specimens were fro- 
zen.* Since LDH 4 and 5 isoenzymes 
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disappear with cold, the total levels 
are not known and, therefore, these 
correlations may be inaccurate. 

The purpose of this present investi- 
gation is to examine clinicopathologic 
factors that may account for the 
elevated and wide range of aqueous 
humor LDH levels in retinoblastoma. 
A sufficiently large number of pa- 
tients to do statistical analysis was 
selected for this study. The specimens 
were not frozen and analysis of the 
LDH was performed on the same day 
as the paracentesis. It was hoped that 
this study would give some predictive 
value to the occurrence of either 
extremely high levels of LDH in LDH 
retinoblastoma aqueous humor. 


MATERIALS AND METHODS 


Clinical data and total aqueous humor 
LDH values were obtained from 23 retino- 
blastoma patients admitted to the Edward 
S. Harkness Eye Institute for enucleation. 
With patients under general anesthesia, 
approximately 0.2 ml of aqueous humor 
was obtained using 30-gauge needles and a 
l-ml tuberculin syringe. The aqueous 
humor samples were collected by anterior 
chamber paracentesis immediately after 
enucleation. The strict criteria of (1) avoid- 
ing cold temperature, (2) discarding sam- 
ples that had significant amounts of RBCs, 


Table 1.—Total LDH Levels in 
Aqueous Humor and Presence 
of Anterior Chamber Involvement 
in Patients With Retinoblastoma 


Anterior 
Chamber 
Involvement 


LDH Level, 


Patient IU /liter 


Could not be 
evaluated 
Could not be 
evaluated 
Yes 
Yes 
Yes 
Yes 
Yes 
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and (3) performing the LDH total and 
isoenzyme level determinations within 24 
hours were applied to all aqueous humor 
specimens. The techniques of total LDH 
determination are described elsewhere.* (It 
is difficult to compare different series 
because not all investigators have used the 
international unit. Even when the interna- 
tional unit has been used the pH and 
nonlimiting substrate concentrations have 
not been specified.) 

Following enucleation, eye tissue sam- 
ples were fixed in the usual fashion and 
stained with hematoxylin-eosin. Examina- 
tion of the sectioned specimens was 
performed under a light microscope. 

Clinicopathological data were evaluated 
using standard statistical formulas. Means, 
ranges, standard deviations, and the ¢ test 
of significance were computed using the 
Student's test. 


RESULTS 


Aqueous humor was taken from 23 
eyes of 23 patients. Each eye was 
examined histologically, and the diag- 
nosis of retinoblastoma was con- 
firmed. Clinical data from the 23 
patients are as follows: 


Sex Men, 15 (65.2%); 
Women, 8 (34.8%) 

Family history 0/23 

Bilaterality 12/23 (52.2%) 


Distant metastasis 0/23 
Mean presentation age 15.4 mo 
Mean enucleation age 28.7 mo 


Many of the eyes in the series 
received treatment prior to enuclea- 
tion. The treatment consisted of one 


or more of the following modalities: 
external beam radiation, photocoagu- 
lation, cobalt plaque, and cryotherapy. 
The presence or absence of any prior 
treatment did not significantly corre- 
late with the aqueous humor LDH 
level. For example, patients 6 and 23, 
with no prior treatment, had aquecus 
humor levels of 260 IU/liter and 
15,920 IU /liter, respectively, whereas 
patients 3 and 22, treated prior to 
enucleation with radiation, photocoag- 
ulation, and cryotherapy, had aquecus 
humor LDH levels of 91 IU /liter and 
5,220 [U/liter, respectively. 

Table 1 shows the total LDH level in 
the aqueous humor for each patient. 
The average value was 1,886 IU /liter, 
and the range was 10 IU/liter to 
15,920 IU /liter. 

Multiple sections of each eye were 
examined under a light microscope for 
histopathological features (Table 2). 


COMMENT 


In this series of 23 patients with 
histologically proved retinoblastoma, 
21 had aqueous humor LDH levels 
above the mean of the normal aque- 
ous. The mean retinoblastoma aque- 
ous LDH level was 1,886 IU /liter. This 
mean value is higher than the mean 
aqueous LDH level computed by three 
other investigators.**° This mezn, 
however, is lower than one other mean 
reported for four retinoblastoma pa- 
tients. For retinoblastoma patients, 


Table 2.—Histopathological Data 


No. of Patients 


With 

Anterior chamber involvement* 5 
Calcification 20 
Choroid invasion 
Retinal detachment 
Endophytic tumor 
Exophytic tumor 
Inflammation 
Necrosis 
Neovascularization 
Optic nerve invasion 
Rosettes 
Tumor extenti 

Anterior to equator 

Posterior to 

equator 


Without With 


Mean LDH Value 
m Students 
Without ! Test 


16 6,101 556 1.342 

3 1,696 353 0.369 
14 3,943 564 0.85 

14 |. 1,067 2,412 0.341 

2,291 1,127 0.282 

1,059 2,962 0.461 

2,223 933 0.327 

1,839 2,109 0.068 

3,713 2,645 0.259 

1,112 2,002 0.226 

532 3,127 0.659 





*Statistically significant at P .02. No other category showed statistically significant correlation. 


TFive specimens had both and endophytic and exophytic tumor type. a 
iOne specimen could not be evaluated for tumor extent. 


Aqueous Humor LDH—Piro et al 


r- 


the lewest compated aqueous LDH 
mean was 385 IU liter’ and the high- 
est compu .ed meaa was 2,453 IU /liter. 
Two additonal eases had aqueous 
humor LLE lower than the highest 
levels we Fave seea in aqueous humor 
samples of cataracs (151). 

The aqueous LDH level was evalu- 
ated fer correlations with sex, family 
history, bilateralitr, prior treatment, 
presen ation age, eaucleation age, and 
distant me-astasis. In each instance, 
there was 10 significant correlation 
between th» cliniezl datum and the 
aqueous LD# level. 

À number »f histopathological fea- 
tures did no- correlate with the aque- 
ous LDH level. Among the features 
that dic not correlate were calcifica- 
tion, charoid invasion, retinal detach- 
ment, endoohytic/exophytic tumor 
type, inflammation, necrosis, neovas- 
cularization, optic nerve invasion, ro- 
settes, and tumor exent. 

The only Hstopathological feature 


1. Wroblewski * The clmical significance of 
alterations m lacie dehyd-ogenase activity of 
body fluids. Am J Med Sci 234:301-312, 1957. 

2. McDonald MB, Abramson DH, Ellsworth 
RM, et al: Lactate dehydrogenase levels and 
isoenzyme patterrs in the serum and aqueous 
humor of adult cataract patznts. Arch Ophthal- 
moi 95:2068-2069, 77. 

3. Dias PLR, Serthe S, Ramratnam M: Lactate 
dehydrogenase actz'ty of aqaeous humor in reti- 
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that did correlate with the aqueous 
LDH level was the presence of tumor 
in the anterior chamber (t — 1.342, 
P — .02). Patients with anterior cham- 
ber involvement had a mean aqueous 
LDH level of 6,101 IU/liter. This 
figure contrasts with a mean aqueous 
LDH level of 556 IU /liter for patients 
without anterior chamber involve- 
ment. In eyes, therefore, with anterior 
chamber involvement, the data sug- 
gest that LDH is emanating from 
viable tumor close to the bathing fluid. 
It is of interest that in another study 
of six retinoblastoma patients without 
anterior chamber involvement, the 
mean aqueous LDH level was 385 IU/ 
liter. 

Tumor necrosis was suggested as a 
possible mechanism for the elevated 
aqueous humor LDH level in one prior 
study. This study, which only con- 
sisted of six patients, reported a mean 
aqueous humor level of 385 IU/liter. 
All patients had tumor necrosis. In 
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contrast, the present series had 19 of 
23 patients with tumor necrosis. More- 
over, the mean aqueous LDH level was 
1,839 IU/liter for patients with tumor 
necrosis. Surprisingly, for the four 
patients without tumor necrosis, the 
mean aqueous LDH level was 2,109 
IU/liter. Finally, no significant corre- 
lation was found between the aqueous 
LDH level and the presence or 
absence of tumor necrosis. 

It is of interest to note that this 
series includes two patients whose 
aqueous humor LDH value was very 
low, 10 IU/liter and 24 IU/liter. The 
tumor in one of these patients was 
very differentiated and had received 
no prior treatment, while the tumor in 
the other patient was small, nonvia- 
ble, and had received radiation, a 
cobalt plaque, and cryotherapy. 

Prior to this investigation, only one 
other study reported a ease of retino- 
blastoma with a low aqueous LDH 
level.’ 
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Visual Results and Ocular Complications 


Following Radiotherapy for Retinoblastoma 


Peter R. Egbert, MD; Sarah S. Donaldson, MD; Kambiz Moazed, MD; A. Ralph Rosenthal, MD 


e Between 1956 and 1974, 28 children 
with retinoblastoma have been irradiated 
with the linear accelerator at the Stanford 
University Medical Center. Twenty-seven 
children (9696) have been cured of their 
tumor, with follow-up ranging from 2*2 to 
21 years. In these survivors, 50 eyes were 
affected. Twelve were treated by primary 
enucleation and 38 were irradiated. Six- 
teen of the 38 irradiated eyes (42%) were 
ultimately enucleated for recurrent tumor, 
neovascular glaucoma, or inability to 
observe the tumor through opaque media. 
Thus, 22 (5896) irradiated eyes were 
saved. Of these, five eyes had visual acui- 
ty of 20/40 or better, five had 20/50 to 
20/100, nine had 20/200 to hand motion, 
and three had light perception or no light 
perception. Radiation therapy can steril- 
ize the tumor and maintain useful vision in 
many children with retinoblastoma. 

(Arch Ophthalmol 96:1826-1830, 1978) 
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Pe iie! is a well-established 
method of treatment of retino- 
blastoma. Previous studies'^ with 
large numbers of patients have docu- 
mented excellent survival rates fol- 
lowing treatment by irradiation; how- 
ever, they have not assessed the qual- 
ity of vision or complications after 
therapy in the modern era of megavol- 
tage radiotherapy. Radiotherapy re- 
quires fractionated treatment, precise 
beam collimation and localization, 
careful immobilization with anesthe- 
sia, and a prolonged observation peri- 
od for evaluation of control of tumor 
and complications of therapy. These 
drawbacks, which may be avoided by 
primary enucleation of the eye, must 
be weighed against the possibility of 
retaining useful vision in the eye 
following radiation therapy. 

The purpose of this article is to 
describe the results of treatment and 
the eventual visual acuity of eyes with 
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retinoblastoma that have been irra- 
diated. A retrospective study was 
performed on a group of children who 
received radiotherapy with the linear 
accelerator at Stanford University 
Medical Center between 1956 and 
1974. Some of these patients have 
been previously described.** Stanford 
was the first institution in North 
America to employ the linear accelera- 
tor for the management of retinoblas- 
toma, and the study group includes 
the earliest patients treated. Informa- 
tion on these patients is important 
because megavoltage irradiation from 
the linear aecelerator offers substan- 
tial advantages over lov energy x-ray 
irradiation and may he expected to 
produce fewer complications. 


MATERIALS AND METHODS 


Patients were accepted into the study if 
they had a definite clinical diagnosis of 
retinoblastoma, had received radiation 
from the linear accelerator as a primary 
mode of treatment to at east one eye, and 
had a follow-up period of more than two 
years. A total of 28 patients met these 
criteria between 1956 and 1974. Sixteen 
patients were boys and 12 were girls; 24 
(86%) had bilateral disease and four (14%) 
had unilateral disease, which’ reflects a 
referral to the hospital that was biased 
toward bilateral cases. The patients were 
all white, including two Mexiean-Ameri- 
cans, one Alaskan, and ene Hawaiian. The 
age of onset of irradiation varied from 3 
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months to 7 years, with a median of 13 
months. The “ollow-up period ranged from 
a minimum o 24% yea:s to 21 years, with a 
median of ter years. The eyes were staged 
according to the system of Reese and 
Ellsworth.’ Eight of she eyes irradiated 
were stage I, ive werestage II, eight were 
stage III, twc were stage IV, and 15 were 
stage V. 

The technieues of radiotherapy were 
uniform during the period covered by this 
study. Radiat®n was giministered with a 
4- to 6-meV Lmear aceelerator through a 
lateral port tht included the entire retina 
and the anter-r optic nerve for patients 
with unilateraEdisease. Patients with bilat- 
eral disease were treated by two opposing 
lateral fields. Details of dosimetry, collima- 
tion, beam locatization, and patient immo- 
bilization have previous-y been described.* 
The dosesof radiation ranged from 3,500 to 
6,000 rads fra-tionatec during 3% to 6 
weeks; most patents received 5,000 to 6,000 
rads. Using tke Ellis 30minal standard 
dose (NSD) equation’ tc incorporate dose, 
time, and frzctionati»n, NSD values 
ranged from 1,€)0 to 2,290 rets. Some eyes 
in which the inĒial radiation was believed 
not to control tke tumor-were also treated 
with photoeoagulation, eryotherapy, or sec- 
ond courses of radiotherapy. When re- 
peated courses cf external beam radiation 
were administe-ed, tota! radiation doses 
were as high as 3,900 raes. 


RESULTS 
Surviva: 


Twenty-sevei of 28 patients 
treated with radiation were cured of 
their tumors. Jne chbd with orbital 
extension of cGsease at the time of 
initial trestmert died cf disseminated 
metastatic disease. A »rief summary 
of this failure cf treatment follows: | 


A 3-month-old sey was thought to have 
uveitis in the right eye znd was treated 
with antibieties and corticosteroids. The 
eye became phthi-ieal durmg the next few 
- months. At the age of 10 months, a stage V 
retinoblastoma involving most of the reti- 
na was recogznizel in the opposite (left) 
eye. The right eye was enacleated at that 
time and necrote retineblastoma with 
extrabulbar extension was found. Neither 
the bone marrow 20r the CSF showed any 
tumor cells. The p: tient was then referred 
to Stanford Univessity Medical Center and 
was irradiated wita 5,940 rads in six weeks 
to the left eye. The patientareturned home 
and died with mu tiple me-astases at the 
age of 21 months. 


One patient suffered a nontumor 
death from. inflammatory bowel dis- 
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ease 16 years after treatment for his 
retinoblastoma. 


Ocular Results 


Excluding the one patient with 
tumor death, there remained 23 
patients with bilateral tumor and four 
patients with unilateral tumor who 
had a total of 50 tumor-involved eyes. 
We studied each of these eyes as an 
independent entity (Figure). Twelve 
eyes (in each case, the worse of two 
eyes in patients with bilateral tumor) 
were removed prior to radiation, leav- 
ing a total of 38 eyes that were irra- 
diated. Of the 38 irradiated eyes, 16 
were secondarily enucleated, and 22 
were saved. 

Eyes with an advanced tumor stage 
were more likely to need secondary 
enucleation than eyes with smaller 
tumors (Table 1). Seventeen (80%) of 
2] eyes with stages I, II, or III tumors 
were saved, but only five (29%) of 17 
eyes with stages IV or V tumors were 
saved. The conditions necessitating a 
secondary enucleation are shown in 
Table 2. 

Recurrence of the tumor was the 
cause of six of the 16 secondary 
enucleations. The recurrence was clin- 
ically certain in four cases and strong- 
ly suspected in two cases. Microscopic 
examination of these eyes showed 
morphologically intact tumor cells in 
five eyes, two of which (enucleated 
two and four years after irradiation) 
contained mitotic figures, which con- 
firms a potential for growth. The 
sixth eye had no intact tumor cells; it 
had definite clinical reeurrence and 
was treated with extensive cryothera- 
py, but shortly afterward an extensive 
retinal detachment developed. Eyes 
that were removed for tumor recur- 
rence initially had either small or 
large tumors. In contrast, eyes that 
were removed for reasons other than 
tumor recurrence contained almost 
exclusively large tumors—one was 
stage III and the remainder were 
stage IV or V (Table 2). Blind eyes 
were removed either because of pain 
or because the tumor could not be 
adequately observed through opaque 
media. Five of eight blind eyes had 
neovascular glaucoma. Thirteen of the 
14 eyes that required secondary enu- 
cleation were removed less than three 
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years after irradiation; the one eye 
that was an exception was removed 
four years after the initial irradiation. 
No eyes required enucleation later 
than four years after radiotherapy. 
Of the 22 eyes that were saved, five 
had visual acuity of better than 20/40, 
five had 20/50 to 20/100, nine had 
20/200 to hand motion, and three had 
light perception or no light perception. 
The follow-up period for these pa- 
tients is four to 19 years. Table 3 
shows the final visual acuity corre- 
lated with the initial tumor stage. The 
principal cause of visual acuity poorer 
than 20/40 could be determined for 
each eye. The most common reason for 
decreased vision was macular involve- 
ment by tumor, which occurred in nine 
eyes. The other reasons were appar- 
ently complications of radiation and 
included cataract (four eyes), vitreous 
hemorrhage (one eye), radiation reti- 
nopathy (one eye), and optic nerve 
ischemia (two eyes of same patient). 
Cataract.—A posterior radiation cat- 
aract of any degree was diagnosed 
either histologically or clinically in 25 
of the 38 irradiated eyes. Five of the 
22 eyes that were saved underwent 
cataract extraction 2, 3, 4, 7, and 12 
years after irradiation and have not 
had any unusual problems after 
surgery. Cataract was the principal 
cause of decreased vision in four eyes 
that were irradiated six to 11 years 
previously. These eyes will probably 
show improved vision after cataract 
extraction. We compared irradiated 
eyes with cataracts with those in 
which cataracts did not develop and 
found that cataract development ap- 
peared to be unrelated to the calcu- 
lated tumor dose or the age of the 
patient at the time of treatment. 
Vitreous Hemorrhage.— Vitreous 
hemorrhage occurred in seven irra- 
diated eyes that contained both small 
and large tumors (one stage III, four 
stage III, and two stage V). Six of 
these seven eyes were saved. The 
initial hemorrhage arose ten months 
to three years after irradiation; four 
eyes had later recurrent bleeding. The 
hemorrhages typically cleared sponta- 
neously, and only one of the saved 
eyes had decreased vision owing to 
remaining vitreous blood. The usual 
site of bleeding was vessels on or at 
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Primary 
Enucleation, 
12 


Secondary 


Total Eyes, Enucleation, 
50 16 


Radiation, 20/40 or Better, 
38 5 


20/50-20/100, 


Eyes Saved, 5 


22 
20/200-HM, 


Course of 50 eyes among 27 patients receiving radiation. HM indicates hand motion 
visual acuity; LP, light perception; and NLP, no light perception. 


Table 1.—Irradiated Eyes 





Table 2.—Eyes Undergoing Secondary Enucleation* 









Reason for Enucleation No. of Eyes Initial Stage 

Recurrent tumor 

Definite 4 l, IW, V, V 

Suspicious 2 i, 1 
Blind eye 8 

Neovascular glaucoma 5 HH. V, V, V. V 

Vitreous hemorrhage 1 V 

Cataract 1 V 

Retinal detachment 1 IV 
Enucleated during radiotherapy for fear of 

optic nerve involvement 1 V 





monu LEUTE NT. I e. 


*Total number of eyes involved was 16. 





Table 3.—Visual Acuity as a Function of Tumor Stage* 


20/20, 20/100, 20/200 


20/30, 20/100, 20/200, 20/200, 20/300, HM, 
NLP 


20/30, 20/70, 20/200, LP, LP 





*HM indicates hand motion visual acuity; LP, light perception; and NLP, no light perception. 








the edge of the tumor scar, although 
in one eye hemorrhage arose from 
new vessels in the retina that were 
uninvolved by tumor. Four eyes 
received retinal photoceagulation. 
There was no relationship between 
the age of the patient at the time of 
treatment and the development of 
vitreous hemorrhage. 

Retinopathy.—A diffuse radiation 
change in the retina and retinal 
pigment epithelium was common. The 
retinal pigment epithelium showed 
coarse and fine pigment mottling in 
almost all patients and there were 
occasional microaneurysms in a few 
patients. However, only one case had 
decreased vision owing to retinopa- 
thy. This eye had hard retinal 
exudates in the macula, which were 
noted shortly after radiation and 
which have remained stable for sev- 
eral years. 

Ischemic Optic Neurepathy.—Two 
eyes of one patient had apparent late 
ischemia of the optic nerve, which 
caused a loss of vision to light percep- 
tion only. A brief case report of this 
unusual complication follows: 


A l-year-old boy with bilateral retino- 
blastoma, stages V and III, received a 
midplane radiation dose of 4,700 rads in 
five weeks to both eyes; however, two years 
later, a recurrence appeared in the left eye 
for which he received an additional 4,900 
rads in five weeks. Vitreous hemorrhages 
and bilateral cataracts subsequently devel- 
oped, but he maintained useful vision in 
both eyes. At the age of 19 years his vision 
worsened in the right eye for unexplained 
reasons. At the age of 20 years, the vision 
in the left eye decreased during a 24-hour 
period to light perception only. Examina- 
tion showed no evidence of new disease and 
no change in the retina. It was assumed 
that he had an ischemic insult to the optic 
nerve owing to late radiation damage to 
small vessels. He now has nasal light 
perception in the right eye and no light 
perception in the left eye. 


COMMENT 


The long-term follow-up of 28 
patients with retinoblastoma after 
therapeutic radiation with the linear 
accelerator shows that the survival 
rate is excellent. In this sertes, there 
was only one tumor death and that 
was due to late diagnosis and late 
treatment in a patient with known 
orbital extension. Extension of tumor 
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outside tl eye is well known to alter 
the prognosis drastically." 

Visual ~esults after therapy were 
impressive in that 50% of the irra- 
diated eyes and 86% of saved eyes 
maintainel visual acuity of hand 
motion or better. Hand motion visual 
acuity mue: be considered useful and 
important vision in a person with 
bilateral =tinoblastoma. This is par- 
ticularly tue for those children with 
poor aeui y because of a localized 
intraecula scar who retain good 
peripheral vision. To a large extent, 
visual prognosis depended on the size 
and lecaticr of tumor. Eyes with large 
tumors were much more likely to 
result in secondary enucleation than 
eyes with small temors. Eighty-eight 
percent of eyes with stage I tumors 
were savel. while only 33% of eyes 
with stage V tumors were saved. 
These results are similar to those 
reported be Ellswerth.' However, it is 
well to mention that three eyes with 
stage V -isease maintained useful 
visual acuty. Thus, advanced stage 
alone is set a eontraindication to 
radiotherady. Tumor location was im- 
portant te preservation of vision in 
that a mezular tumor involving the 
fovea alwaysiled tc poor central acuity 
and this was the commonest cause of 
visual acui-y less than 20/40. 

The firs. three years after radio- 
therapy a-e critiea] for the treated 
eye. It was during this period that all 
but one of the secendary enucleations 
had to be performed. This was also the 
time durirg which all the vitreous 
hemorrhages initially appeared. After 
three years, the eye appears relatively 
safe from tzmor recurrence or compli- 
cations tha- requir= enucleation. How- 
ever, late problems that adversely 
` affect vision may occur. In our series, 
the late smeblems were cataracts, 
which we-e common, optic nerve 
ischemia ir ene patient, and retinopa- 
thy in one oatient. 

Cataract of anyddentifiable degree 
occurred ir 25 (66%) of the 38 irra- 
diated eyes, but were a clinical prob- 
lem in only mine (24%). The cataracts 
occurred *t~e to 12 years after treat- 
ment and were certainly the result of 
lens irradiation. Eadiation was ad- 
ministered fo all of the patients 
through'a ateral port with the inten- 
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tion of treating the entire retina, 
including its anterior extent. The lens 
was, therefore, very close to the 
intended edge of the radiation field. 
The lens is extremely susceptible to 
radiation damage and a dosage as 
small as 200 rads at one time or 400 
rads in fractions during a three-week 
to three-month period can be catarac- 
togenie. Irradiation of retinoblasto- 
ma through an anterior port invaria- 
bly produces a cataract within about 
18 months. Although cataracts may 
arise, we believe that a lateral port is 
advantageous because the cataracts 
are not invariable and they occur 
later; thus, the retina may be seen 
during the time in which it is neces- 
sary to monitor for tumor recurrence, 
and the potential problem of disuse 
amblyopia in young children is 
avoided. Because we did not have 
difficulty with tumor recurrence in 
the anterior portions of the vitreous or 
retina, it would probably be possible to 
decrease the incidence of cataract 
formation by moving the radiation 
field slightly posteriorly in eyes with 
only posterior tumors. 

Delayed effects of radiation, eg, 
vascular abnormalities or induction of 
secondary tumors, are a potential 
danger in every patient. Vascular 
occlusions in small vessels appear to 
be exemplified by both eyes of the one 
patient who suffered rapid loss of 
vision 19 years after radiation. The 
appearance of his retina did not 
change with the loss of vision and the 
clinieal impression was probable is- 
chemia of the optic nerve. This patient 
had received two courses of external 
beam radiotherapy for a total dose far 
greater than that of the other 
patients. Shukovsky and Fletcher 
have related dose to radiation-induced 
retinal and optic nerve effects and 
found that optic atrophy can occur 
four to five years after a dose in 
excess of 6,800 rads that is given 
during a six-week period." They also 
reported two cases of retinal artery 
oeclusion following lower doses. Late 
atrophy of the retina and optic nerve 
has usually been attributed to vascu- 
lar occlusions"? because retinal is- 
chemia can be demonstrated with 
fluorescein angiography and because 
histological changes of the vessels are 
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well known. However, the pathogene- 
sis of late radiation necrosis of the 
CNS is not certain? and there may be 
direct radiation-induced neuronal 
damage to the optic nerve. 

We have not considered vitreous 
hemorrhages a facet of retinopathy 
because the hemorrhage appeared 
soon after radiotherapy and appeared 
to arise from unsupported tumor 
vessels in a shrinking tumor. Howev- 
er, one of the seven eyes with vitreous 
hemorrhage had bleeding from vessels 
in retina that was uninvolved by 
tumor and this eye is probably an 
example of radiation-induced neovas- 
cularization leading to hemorrhage. 

Second malignant tumors in or out 
of the field of radiation did not devel- 
op in any of the patients. Abramson et 
al, in a long-term follow-up of 2,302 
patients with retinoblastoma, found a 
10% incidence of second nonocular 
malignancies in patients with bilater- 
al disease. Seventy-one percent of the 
tumors were in the field of radiation 
and occurred after an average latent 
period of 11 years (range, two to 30 
years).'* An important difference be- 
tween this series and ours is the type 
of irradiation. Those patients in whom 
second malignant tumors developed in 
the field of radiation were treated 
with orthovoltage (kilovoltage) irra- 
diation and consequently received a 
much higher bone dose because of the 
photoelectric absorption of low-ener- 
gy radiation as compared with mega- 
voltage energy beams, as generated 
by the linear accelerator. The predom- 
inant tumor, whether in or outside the 
radiation field, was osteogenic sarco- 
ma. In our series, it is possible that 
with more patients or longer follow- 


up, a second malignancy will arise. 


However, we believe that this is 
unlikely because we are not aware of 
any radiation-induced osteogenic sar- 
coma occurring within the field of 
radiation in a child who has been 
treated for any tumor with the pres- 
ent-day recommended doses of mega- 
voltage irradiation. 

Megavoltage treatment, such as is 
provided by the linear accelerator, 
offers substantial advantages over 
treatment with low-energy x-rays: (1) 
There is a relatively constant absorp- 
tion of radiation among tissues of 
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varying densities; thus, normal-grow- 
ing bone does not receive higher 
absorbed doses than neighboring soft 
tissues. (2) The well-collimated, sharp- 
ly defined beam produces minimal 
side scatter; hence, the dose to 
surrounding normal tissues is de- 
ereased. (3) The surface entrance dose 
is less than the dose at the point of 
maximal ionization, which provides a 
relative skin-sparing effect. (4) The 
depth-dose characteristies allow for a 
more hemogeneous distribution of the 
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dose across superficial and deep struc- 
tures.’” 

After more than 20 years of use of 
megavoltage treatment for retino- 
blastoma, we conclude that enuclea- 
tion should be performed only if there 
is no potential for useful vision. We 
had only one tumor death and that 
was an extraordinary case; thus, 
primary enucleation does not have to 
be performed to preserve life. Admit- 
tedly, it is not always possible to accu- 
rately predict the final visual results. 
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Obviously, useful vision cannot be 
expected if the retina is totally 
destroyed by tumor; however, tumor 
overlying a portion of the retina, a 
large retinal detachment, or vitreous 
seeding frequently obscure the extent 
of retinal destruction. Doubt:ul cases 
should be considered for radictherapy. 
Many very large tumors respond well 
to radiotherapy with gratifying long- 
term visual results. 
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» Studies of Hyperthermia 
in Ootic Neuropathy 


Consideration of a Humoral Factor 


Philip E. Zweifach, MD 


* Three peients with multiple sclerosis 
and proeminent Uhtho'fs symptom were 
studied. Visas! loss was found to be 
related not only to increase in body 
temperature 3ot to the rate of increase. 
Blood removed at the time of maximal 
visual loss amd readministered in the 
normothermE state did not reproduce the 
symptom. The study supports the prevail- 
ing concept hat Uhthoff's symptom is a 
direct effect 51 hyperthermia on conduc- 
tion in damaged axons. 

(Arch Oph*almol 96:1831-1834, 1978) 


M= patients with multiple scle- 
rosis xperience reversible ex- 
acerbation «f their neurologic deficit 
with exerci= and with other states of 
induced hyperthermia. This observa- 
tion forms -he basis of the “hot tub 
test" that B often used clinically to 
support the diagnosis of multiple scle- 
rosis.' Certain patients who have had 
demyelinatmg optie neuropathy expe- 
rience substantial transient visual loss 
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with induced hyperthermia. This was 
first recognized in 1889 by Uhthoff.2 
The pathophysiological mechanism of 
Uhthoff's symptom is unknown, but 
two hypotheses have been proposed: 
first, the elevation of body tempera- 
ture interferes directly with axonal 
conduction in the CNS, and second, 
the rise in body temperature causes 
release of a chemical substance, which, 
in turn interferes with conduction. 
The present study was devised to test 
the hypothesis that a blood-borne 
factor is responsible for Uhthoff's 
symptom. 


SUBJECTS AND METHODS 


Three informed volunteers with promi- 
nent Uhthoff's symptom were admitted to 
the metabolic unit of the New York Hospi- 
tal-Cornell University Medical College. 
The patients had been told of the nature 
and purpose of the study and of the poten- 
tial hazards involved. The study was 
approved by the New York Hospital 
Committee on clinieal research. 

The patients underwent immersion of 
the whole body or of a limb in a tub of 
water maintained at 40° to 42 °C. Body 
temperature was monitored by a series of 
oral thermometers. Electrical temperature- 
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measuring devices were prohibited, since 
they could expose the wet patient to elec- 
trical hazard. 

When body temperature was elevated 
and maximal symptoms produced, the 
following tests were performed: (1) clinical 
examination; (2) withdrawal of blood sam- 
ples for study of serum electrolytes; and (3) 
withdrawal of one unit (450 ml) of blood. 

Immediately after the blood was re- 
moved, the bath water was cooled and body 
temperature was returned to the resting 
state. Vision was allowed to stabilize at the 
resting level and blood was then returned 
to the patient. The time elapsed between 
blood withdrawal and readministration did 
not exceed 2) minutes, during which the 
blood remained in the tub room. The 
temperature of this room was maintained 
at at least 322 °C. The patient was draped 
to prevent him from seeing his arms and 
was unaware of the onset, duration, and 
completion of blood withdrawal or read- 
ministration. The examiner was also 
prevented from making these observa- 
tions. The withdrawal and readministra- 
tion of bloed and alteration of body 
temperature were controlled by an assis- 
tant to permit a double-blind effect. 


REPORT OF CASES 


Case 1.—A 40-year-old man had had 
numerous attacks of visual loss in each eye. 
His first neurologic problem occurred ten 
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Fig 1.—Change of visual acuity (log scale) with immersion of arm 


in warm water (patient 1). 


years prior to the present admission, when 
he was evaluated for episodic paresthesia 
and loss of manual coordination. Subse- 
quently, he had recurring attacks of 
slurred speech, diplopia, dysequilibrium, 
ataxia; and bladder dysfunction. 

Eighteen months before admission, he 
noted deterioration of vision, first in the 
right eye and then in the left. The visual 
loss progressed in stepwise fashion without 
remission. The residual vision deteriorated 
notably with activity. Walking, even at a 
slow pace, caused substantial visual loss. 

At the time of admission for this study, 
the patient was dysarthric, and had a 
broad-based, unsteady gait such that he 
required a cane for walking. The vital signs 
were normal, and the general physical 
findings were unremarkable. Neurologic 
abnormalities were extensive, including 
brain stem, cerebellar, long tract, and 
sensory abnormalities, which were residua 
of the attacks described historically. A 
partial neurogenic bladder was present. 
Results of supplementary and laboratory 
studies were normal. 

Visual acuity in the right eye was 10/200 
and in the left eye was 20/80. Acuity could 
be decreased by minor exertion, such as 
having the patient raise both arms over his 
head five or more times. He had horizontal 
nystagmus in lateral gaze, and vertical 
nystagmus in upward gaze developed. The 
optic nerve heads were pale in each eye, 
and small, discrete, central seotomata could 
be demonstrated in each eye at the 1/330 
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Fig 2.—Change in visual acuity (log scale) with truncal immersion 


in tub of warm water in 21-minute period (patient 2). 


W isopter. 

When the patient’s whole body was 
immersed in a hot tub, detericration of 
vision was so rapid that quantitative 
measurements were not possible. Acuity 
deteriorated from 5/20 to 5/200 within 30 
seconds. To obtain quantitative data, it 
was necessary to increase body tempera- 
ture slowly. This was done by immersing 
only an arm in the water. 

Figure 1 describes the result of this 
experiment. An increase of 0.2 °C (36.3 to 
36.5 °C) reduces acuity from 5/20 to 5/40. 
An increase in body temperature of 1°, at 
this slow rate, reduces acuity to 5/70. The 
visual field at the elevated temperature 
showed enlargement of the central scoto- 
ma. The appearance of the fundus was 
unchanged. 

At body temperature 37.3 °C, 450 ml of 
blood was withdrawn. The patient was 
rapidly cooled to resting body temperature, 
with return of baseline acuity. When a 
stable body temperature was reached, the 
blood was readministered. Readministra- 
tion of the blood had no effect on visual 
acuity. The values of serum sodium and 
potassium, drawn in the hyperthermie 
state, were unchanged from that at normal 
body temperature. 

Case 2.—A 40-year-old woman had tran- 
sient horizontal diplopia four years before 
the present admission. The diplopia lasted 
about two weeks and cleared spontaneous- 
ly. One month before admission, blurring 
of vision in the left eye was noted. She 


found that the blur was aggravated by 
exercise. During the week before admis- 
sion, the patient experienced difficulty 
walking and speaking. 

At the time of admission, she had diffi- 
culty walking without assistance. There 
were no abnormalities on general physical 
examination. Neurologic abnormalities in- 
cluded ataxia of the extremities and a 
reduction of vibratory sense on the left. 
Opening pressure on lumbar puneture was 
120 mm H.O. No cells were present, and 
glucose and protein levels were normal. 
Serum y-globulin was 18%. The EEG was 
normal. 

Visual aeuity was 20/30 in each eye. An 
afferent pupillary defect was present on 
the left. The left optic disc was pale, and a 
superior paracentral scotoma was present 
near fixation in this eye. The right nerve 
head appeared normal, but a small, inferior 
scotoma was found in this eye. Heat 
reduced the acuity in the left eye by caus- 
ing enlargement of the paracentral seoto- 
ma to include fixation. 

A relationship was demonstrated be- 
tween the rate of change of body tempera- 
ture and the severity of visual loss. In one 
experiment, body temperature was raised 
as rapidly as possible (Fig 2). The patient 
was heated to 40.2 °C in 21 minutes. In 
another experiment (Fig 3), 145 minutes 
elapsed before body temperature of 40.2 °C 
was reached. Reduction in acuity was 
found to be related not on]y*to increase in 
body temperature, but also tó the rate of 
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Fig 3.—Redi=ed effect on visual acuity (log scale), produced 
by decreasisg rate of body temperature elevation. Heating 
carried cut i- period of 145 minutes (patient 2). 


increase. The more rapid the increase in 
temperature, the more severe the visual 
loss. 

Withdrawasa of one unit of blood was 
carried out at the time of peak visual loss. 
The bloed w s readministered after the 
patient was -9oled and had reached a 
steady baseline temperature. The blood 
"alled te produce any visual alteration. 
Serum eiectro-yte levels were the same in 
the heated ani normothermic states. 

Case 3—A —-year-old man, a policeman, 
had his first attack of visual loss in the left 
eye four years before admission. Vision 
improved without therapy, but one year 
later, he agair experienced loss of vision; 
tnis time, wi hout substantial improve- 
ment. Physiez exertion caused further 
reduction in vssion and this was often a 
handicap in ks work. One year before 
admission, traasitory horizontal diplopia, 
which subsequ-mtly became constant, de- 
veloped. 

The results o general physical examina- 
tion were normal. The patient's gait was 
uasteady. The reflexes were generally 
hrperactive on the left, and ankle clonus 
was present. Pesition and vibration sense 
were bilaterally. reduced. Lhermitte’s sign 
was demonstraced on neck flexion. The 
results of lumba~puncture were normal. 

Visual acuity n the right eye was 20/30, 
and in the left, 20/60. An afferent pupilla- 
ry defect was present on the left. Typical 
bilateral, poster or, internuclear ophthal- 
moplegia was present, and vertical nystag- 
mus of sevete d-gree appeared on upward 
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Fig 4.—Rate dependence in Uhtho'?f's symptom. Effect of rapid 
elevation of temperature (21 minutes) compared with slow elevation 
(145 minutes). Log scale, patient 2. 


Fig 5.—Effect of heating and cooling at maximal rate. Visual acuity (log scale) is same at 
given temperature in heating and cooling phase (patient 2). 


gaze. A minimal degree of pallor of the left 
optie disc was present, and an altitudinal 
field defect involving the superior 10? of 
field was detected. 

Experiments were carried out to test the 
relationship between body temperature 
and visual acuity. Small changes in body 
temperature, such as an increase from 36.7 


to 37.0 °C, caused a reduction in visual 
acuity from 5/15 to 5/100. 

Blood was removed at body temperature 
38.6 °C and was returned at resting body 
temperature. No change in visual acuity 
was noted on return of the blcod. The levels 
of serum electrolytes were also un- 
changed. 


Hyperthermia in Optic Neuropathy—Zweifach 1833 


COMMENT 

Exercise-induced exacerbation of 
visual loss in a patient with multiple 
sclerosis is known as Uhthoff’s symp- 
tom. This symptom occurs most 
frequently following incomplete re- 
covery from an attack of optic neuritis 
or in the progressive deterioration of 
so-called chronic multiple sclerosis. It 
is a reversible phenomenon and is not 
associated with any change in the eye 
or ocular fundus. Guthrie? found that 
the severity of neurologic dysfunction 
could be correlated with an increase in 
body temperature. As the tempera- 
ture increases, the dysfunction also 


-= increases. Guthrie concluded that it 


was not possible to induce the 
phenomenon without elevating body 
temperature. 

The current experiments confirm 
Guthrie's findings and amplify them. 
In an experiment performed on 
patient 2, (Fig 4) visual acuity was 
compared at the same elevated body 
temperature, achieved both rapidly 
and slowly. This figure indicates that 
visual loss is strongly related to the 
rate of change of body temperature. 
An increase in body temperature was 
found to be significant, but the rate of 


that increase played a more important 


role. A small, but rapid, change in 
temperature in this patient had a 
profound effect on vision, while the 
same amount of change, induced slow- 
ly, caused less deterioration of vision. 
This result was reproduced in patients 
land 3 by comparing limb immersion 
with whole body immersion. 

Rate dependency has not previously 
been described in Uhthoff's symptom. 
This may explain why Michael and 
Davis? found that acuity during cool- 
ing was better for a given tempera- 
ture than during heating. In their 
experiments, patients were heated 
rapidly in a steam bath but were 
allowed to cool spontaneously and 
slowly. In the current study, when the 
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rate of temperature change was maxi- 
mal, acuity at the same body tempera- 
ture was identical in the heating and 
cooling phase (Fig 5). 

Guthrie? in his clinical studies, 
concluded that hyperthermia had a 
direct effect on nerve conduction. This 
has been supported by the laboratory 
experiments of Davis and Jacobson* 
using demyelinated nerves of frogs 
and guinea pigs. At physiologic tem- 
perature, impulses were conducted 
through the damaged area, but when 
the temperature of these preparations 
was elevated, conduction block oc- 
curred at the level of the injured 
segment. 

Rasminsky,’ using severely demye- 
linated peripheral nerve fibers, found 
that reversible conduction block could 
be induced by elevating the tempera- 
ture as little as 0.5 °C. 

Although these data indicate that 
temperature elevation itself can in- 
hibit neural transmission, other stud- 
ies*" have demonstrated humoral 
factors capable of blocking nerve 
conduction. Earlier experiments** in- 
dicated that humoral blocking-factors 
were present in the sera of patients 
with multiple sclerosis but absent in 
normal human sera. More recent 
work'*'' contradicts this by demon- 
strating blocking factors in normal 
human sera and in rabbit serum. 
These studies, which have been car- 
ried out on synaptic potentials of 
cultured cerebral neocortex or on poly- 
synaptic reflex responses in isolated 
spinal cord segments, indicate that 
the ability to block nerve conduction is 
a nonspecific and nonantibody proper- 
ty of serum. 

The potential existence of such a 
humoral factor has never been ex- 
plored clinically in susceptible pa- 
tients with multiple sclerosis. Guthrie 
considered such a factor, but felt that 
the technical problems involved in its 
demonstration were prohibitive at 


that time (personal communication). 
In the eurrent experiments, blood wzs 
removed at the time of maximum 
symptomatology and was readminis- 
tered in the resting state. The failure 


of the blood to reproduce Uhthoff's 


symptom when readministered indi- 
cates the absence of a blood-borne 
factor. Possibly, such a factor is pres- 
ent, but it may have been inactivated 


during the relatively short period that 


the blood was extracorporeal, or an 
insufficient quantity of blood may 
have been used. 

The current studies, in fact, lend 
support to the prevailing concept that 
heat sensitivity in multiple sclerosis is 
related to impairment of conduction 
in demyelinated axons under hyper- 
thermic conditions. 
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` Daily Assessment of Ocular and Hormonal 
Variables Throughout the Menstrual Cycle 


Fredrick Felanan, MB, FRCS(C); Jerald Bain, MD, MSc, FRCP(C); Aileen R. Matuk, MD 


€ Eleven rormal women, between the 
ages of 19 amd 28, were examined at the 
same time of Jay, every day of a complete 


menstrual cycle. Measurements of intra- . 


ocular pressure, anterior chamber depth, 
corneal thickness, and tear production 
were obtained. Tonographic values were 
obtained on eight days during the cycle. 
The results fo ten of the women who were 
shown to have ovulated during the study, 
were then correlated with daily blood 
levels of lu&inizing hormone, follicle- 
stimulating hormone, estrone, estradiol, 
progesterone and testosterone, as mea- 
sured by techniques of radioimmunoas- 
say. Nc statistically valid correlations 
could be mace when the various studies 
were analyzee and correlated. 

(Arch Ophik almo! 96:1835-1838, 1978) 


any sti-lies have been done that 
have indicated an association 
between intraocular pressure (IOP) 
and female sex hormones, and reduc- 
tion of IOP 3y the administration of 
some of these hormones. However, 
most of these studies were done 
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before it was possible to directly 
measure the circulating blood levels of 
the various hormones at the time 
when the ocular pressure measure- 
ments were being made. It is now 
possible to determine serum hormone 
levels by the technique of radioimmu- 
noassay.*"' This study was therefore 
arranged to correlate IOP, anterior 
chamber depth (AC depth), corneal 
thickness, facility of outflow of aque- 
ous humour (C), and tear production 
with daily measurements of blood 
levels of circulating hormones, namely 
luteinizing hormone (LH), follicle- 
stimulating hormone (FSH), estrone 
(E,), estradiol (E.), progesterone, and 
testosterone. A distinct hormonal re- 
lationship with any of the ophthalmo- 
logical factors measured might have 
therapeutic implications for disorders 
such as glaucoma. 


SUBJECTS AND METHODS 


Eleven normal women between the ages 
of 19 and 28 years, with regular menstrual 
cycles, served as volunteers for this study. 
An informed consent was obtained from all 
volunteers. — 

Each woman had a complete physical and 
ophthalmologic examination. All were 
found to be in excellent general health, 
with no endocrine or eye disease. None of 


the women were taking birth control pills, 
and all had widely open anterior chamber 
angles. Each woman was seen every day 
for a complete menstrual cycle, including 
weekends and holidays, and by the same 
investigators. (We were very fortunate in 
our choice of volunteers, for not one 
appointment was missed.) Specifie ap- 
pointment times were given so that each 
subject was seen at the same time of day, 
in an attempt to minimize the effect of 
diurnal variations. 

After installation of 0.25% fluorescein 
and 0.4% benoxinate hydrochloride (Flur- 
ess) eye drops, the IOP was measured in 
the right eye by applanation tonometry, 
using a Goldmann applanation tonometer 
attached to a Haag-Streit slit lamp. 

Corneal thickness and AC depth were 
determined using attachments to the 
Haag-Streit slit lamp. Tear production was 
recorded on the left eye using standardized 
Schirmer filter papers, three minutes after 
installation of two drops ef proparacaine 


.hydrochloride (Ophthetic) eye drops. On 


eight days during the cycle, tonography 
was performed on the right eye. Immedi- 
ately following these tests, blood was 
drawn by venipuncture and stored at 
—20 °C for subsequent radioimmunoassay 
to determine blood levels of LH and FSH,’ 
E, E, and progesterone, and testoster- 
one,.!?.!! 

For statistical evaluation, the null hy- 
pothesis was that there were no daily vari- 
ations in ocular findings during the 
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Fig 1.—Values of serum levels of luteinizing hormone (LH), follicle-stimulating hormone 
(FSH), estradiol, and progesterone throughout one menstrual cycle in ten normal 


women. 


menstrual cycle. Chi-square was used to 
test the fit of a rectangular distribution to 
the data for each variable for each patient. 
For those variables for which the distribu- 
tion differed substantially from the rec- 
tangular distribution, an attempt was 
made to identify a cyclic pattern of peaks 
and valleys that could be related to the 
menstrual cycle, using moving averages if 
appropriate. 


RESULTS 


From the data obtained by radioim- 
munoassay, the actual day of ovula- 
tion was determined for each woman 
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by finding the day on which the blood 
level of LH was highest. This day of 
ovulation was then designated as the 
midpoint of the menstrual cycle, 
which we called day. zero. Those days 
prior to ovulation were referred to as 
"minus" days, and the days following 
ovulation as "plus" days. One of the 
eleven subjects did not ovulate during 
the study and, therefore, her results 
were not included in the analysis. By 
averaging the daily data obtained for 
each of the ten women who did ovulate 
during the study, the results shown in 


Lr 
Cc 
e 


— 
te EN S35 2^ C^ oia 
O-— NM WAATADNWOOUNDD BOD oco Qo 


Intraocular Pressure 


mm Hg 


=k 
Co 


AIR OA" D» 5 10 48 
Day 


Fig 2.—Daily averages of intraocular pres- 
sure for ten normal women. 


Figures 1 to 5 were obtained. Figure 1 
shows the curves for values of serum 
levels of LH, FSH, E, and progeszer- 
one. The level of testosterone was 
found to be almost constant through- 
out the cycle, and the level of E, 
almost parallel to that of E.. 

Figures 2 to 5 show the results of 
the daily averages for IOP, corneal 
thickness, AC depth, and tear produc- 
tion. On inspection, it appears that 
IOP, corneal thickness, and AC depth 
were lowest just prior to ovulation. 
However, on analysis of the data, it 
was found that there was no statisti- 
cally valid correlation between levels 
of the cireulating blood hormones, and 
the results of these ocular studies. For 
IOP, corneal thickness, AC depth, and 
facility of outflow, no significant 
difference from the rectangular dis- 
tribution was demonstrated in any of 
the ten patients. We found that the 
results of the Schirmer tear test were 
so variable that the only conclusion 
that could be obtained was that the 
test itself is an unreliable method of 
assessing tear production. For tear 
production, a significant differance 
from the rectangular distribution was 
found in six of the ten, subjects. 
Results of tonographic studies dic not 
show any definite correlation between 
levels of female sex hormones and the 
facility of outflow of aqueous humour. 
For the PO/C ratio, '  .significant 
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depth tor tea normal women. 


difference “rom the rectangular dis- 
tribution ves found in six of the ten 
subjects. Hawever, it was felt that the 
number of tonographic tracings was 
inadequate for specific conclusions in 
this rezard 


COMMENT 


At the tme of writing, there are 
not, te ou. knowledge, any studies 
that have a-tempted to correlate daily 
hormonal f-1etuations throughout the 
menstrual -yele with changes in IOP 
and outflow facility. Because the 
hormones ander consideration, LH, 
FSH, E,, E. progesterone, and testos- 
terone circuate in extremely small 
concemtratmhs. their precise measure- 
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ment in serum has had to await the 
advent of an extremely sensitive 
assay technique. It has only been in 
relatively recent years that such a 
technique has become available and 
has been applied to the measurement 
of circulating hormones. The tech- 
nique of radioimmunoassay is being 
used in our laboratory for the assay of 
all of the aforementioned hormones. 
The gonadotropins and sex steroids 
have been demonstrated repeatedly to 
fluctuate in a predictable manner 
throughout the menstrual cycle.” 
Whether changes in IOP and outflow 
facility fluctuated in synchrony with 
one of these hormones has yet to be 
elucidated. 


Previous Studies 


In a study reported in 1963, Pater- 
son and Miller? did demonstrate some 
changes in IOP and coefficient of 
outfow at various points in the 
menstrual cycle. These authors mea- 
sured these factors weekly for a six- 
week period and found that the coeffi- 
cient of outflow rose to a peak in the 
mid-follicular and luteal phases, and 
fell at midcycle and in the paramen- 
strual period. Although Paterson and 
Miller made no hormonal measure- 
ments, they attempted to relate their 
findings to urinary estrogen and 
progesterone levels reported by other 
authors in other individuals. Paterson 
and Miller suggested that the follicu- 
lar peak in the coefficient of outflow 
coincided with a rise in estrogen, and 
that the luteal-phase increase in coef- 
ficient of outflow coincided with a rise 
in both estrogen and progesterone. 
Because these authors had made no 
actual hormone measurements in 
their own patients, they could not 
adequately speculate on the interpre- 
tation of their results. 

In an earlier study, Becker and 
Friedenwald' found results at vari- 
ance to those of Paterson and Miller. 
Becker and Friedenwald observed 
that most women have a relatively 
increased facility of outflow during 
the progestational phase of their 
menstrua; cycle and a decreased facil- 
ity during the estrogenic, postmen- 
strual period. 

In their study, Paterson and Miller 
had also made tonographic readings 
on a number of women throughout the 
duration cf pregnancy. The investiga- 
tors found a rise in coefficient of 
outflow to about 20 weeks, followed by 
a slight fzll, a rise again to a peak at 
26 weeks, and a fall again to parturi- 
tion. They attempted to relate this 
pattern to the pregnancy hormone, 
relaxin, which waxes and wanes in 
much the same manner as outílow 
facility in pregnancy. | 

When Paterson and Miller injected 
progesterone into a variety of sub- 
jects, a small but consistent fall in IOP 
was found. The investigators found 
that 50 mg progesterone injected 
intramuscularly caused a fall in IOP 
within two hours; this action of the 
progesterone lasted for four hours. 
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The authors were unable to determine 
whether this fall in IOP was due to a 
reduction in the formation of aqueous 
humour or to an increase in its 
outflow. 

The effects of progesterone, estro- 
gen, and testosterone on IOP were 
further tested by Avasthi and Lu- 
thra,’ who demonstrated that proges- 
terone caused a substantial decrease 
in IOP and that this was due to an 
increase in aqueous outflow. This 
effect was apparent in both normal 
and glaucomatous eyes and was found 
to be especially prominent in post- 
menopausal women. Estrogen and 


.. testosterone were found to be ineffec- 
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Meyer and colleagues! demon- 


| strated a mean lowering of IOP when 
"they administered to patients with 


glaucoma an oral contraceptive con- 
taining a combination of an estrogen 
and progestin in daily doses for peri- 
ods varying from two to twelve weeks. 
These authors suggested that this 
hypotensive effect might be of thera- 
peutic value, but they did not have 
sufficient data for statistical valida- 
tion of this conjecture. In a subse- 
quent double-blind study, the same 
authors’ concluded that the response 
to this medication (norethynodrel 
with mestranol) was not due to a 
nonspecific placebo effect. 

The effect of either estrogen alone 
or in combination with a progestation- 
al agent on IOP was further studied 
by Treister and Mannor, who demon- 
strated that after six months of ther- 
apy, estrogen with or without proges- 
tin caused a gradual decrease in IOP 
and an increase in outflow facility. No 
definite conclusion could be drawn on 
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the mode of action of these drugs on 
the eye. 

The effect of menses on glaucoma 
has been documented by Dalton.* She 
noted that in 14 women with glauco- 
ma, IOP, blood pressure, and body 
weight were found to rise simulta- 
neously during the paramenstrual 
period. The average rises were 
greater in those women with closed- 
angle glaucoma than in those with 
chronic simple glaucoma. The para- 
menstrual period is a time when endo- 
genous progesterone and estrogen are 
at their lowest levels, and although 
Dalton did not measure these hor- 
mones in her subjects, this might 
explain the rise of IOP that occurred 
around this time. 


Conclusion 


In the present study, we could not 
demonstrate any statistically valid 
relationship between the levels of 
circulating sex hormone or the differ- 
ent phases of the menstrual eycle, and 
IOP, AC depth, corneal thickness, tear 
production, or facility of outflow of 
aqueous humour. The IOP did seem to 
be lowest when estrogen was highest 
just prior to the midcycle, although no 
statistically significant correlation 
could be demonstrated. Our study does 
not support the hypothesis that the 
ocular variables measured are related 
to hormonal fluctuations throughout 
the menstrual cycle. Hence, no thera- 
peutic implications can be made from 
the results of this study. 


Diane Hudy and Jeff Keene provided technical 
assistance; Morag M. Smith typed the manu- 
script; Margaret M. Wood, MB, BCh, performed 
the statistical analysis of the data. 

The reagents for radioimmunoassay of LH and 


FSH were supplied by the National Pituitary 
Agency, National Institute of Arthritis, Metab- 
olism, and Digestive Diseases, and the Medical 
Research Council of Great Britain. 

Figure 1 is reproduced with permission from 
Modern Medicine of Canada (31:686-696, 1976). 
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Trifluridine in Resistant Human 
Herpetic Keratitis 


Robert A. Tyndiuk, MD; Raimundo E. Charlin, MD; Thomas V. P. Alpren, MD; Richard O. Schultz, MD 


* Fatierr s:with active dendritic herpetic 
keratitis that was unresponsive to topical 
idoxuridine or vidarabine therapy were 
treated tosicaily with a 1% solution of 
triflumdine The dendritic ulcers healed in 
an average time of 6.1 days. All patients 
tolerated Me drug well except for one 
patient in wham a reversible crystalline 
epithelial keratitis developed. 

(Arch Ophthalmoi 96:1839-1841, 1978) 


NOE ieoxuridine was first intro- 
ducec into clinical practice, it has 
become imereasingly evident that al- 
ternative antviral drugs are needed. 
Although doxuridine has been shown 
to be an effective antiviral agent,'? a 
substantial number of patients with 
active he-pes simplex keratitis are 
clinically resistant to this drug.’ Also, 
topical instillation of idoxuridine, 
even for short periods, may result in 
signs and symptoms of drug toxicity, 
such as pamc:ate keratitis, follicular 
and papilary conjunctivitis, punctal 
occlusion, -nd allergic reactions.^* Tri- 
fluridine, . prrimidine analogue, has 
been reposted to be effective in exper- 
imental aad clinieal herpetic kerati- 
tis.” Triflanidine has also been effec- 
tive in idcxuridine-resistant herpetic 
keratitis in rabbits.’ The purpose of 
this article is to report the efficacy of 
trifluridine in treating the conditions 
of patiens with herpetic dendritic 
keratitis that has been unresponsive 
to antiviré therapy. 


MATERIALS AND METHODS 


Ten patients with active dendritic kera- 
titis in whom previous treatment with 
topically ap: lied idoxuridine or vidarabine 


Accepted fœ publication Dec 8, 1977. 

From the. Cornea-External Disease Unit, Eye 
Institute, Department of Ophthalmology, Medi- 
cal College of"Wiseonsin, Milwaukee. 

Reprint reciests to Cornea-External Disease 
Unit, Eve Ins* tute, Department of Ophthalmolo- 
gy, Medical *Cullege af Wisconsin, 8700 W 
Wisconsin Ač.. Milwaukee, WI 53226 (Dr 
Hyndiuk).  *' 


Arch Ophthe mo!—Vo! 96, Oct 1978 


(adenine arabinoside, ara-A) was not 
successful in controlling their disease were 
included in this prospective study. Patients 
were not considered clinically resistant to 
antiviral therapy unless they had been 
receiving an adequate therapeutic regimen 
of antiviral drug, arbitrarily defined as the 
equivalent of idoxuridine solution used at 
least every two hours while awake and 
idoxuridine or vidarabine ointment, every 
four hours, five times daily. 

Dendritic ulcers were considered resis- 
tant if the ulcer showed progression after 
the patient had received therapeutic doses 
of antiviral drug for at least five days; or if 
there was no improvement in ulcer size 
after seven days of treatment; or if new 
dendritic ulcers developed during the 
course of antiviral therapy. If there was 
any question of activity or unresponsive- 
ness, the patient was observed for 48 hours 
before beginning trifluridine treatment. 
Patients with postinfectious herpetic ul- 
cers (meta-herpetic or trophic ulcers) were 
not included in the trial. 

After full informed consent, the patients 
were placed on regimens of 1% trifluridine 
ophthalmic solution, topically applied every 
two hours while awake. All patients were 
kept on the regimen of trifluridine for a 
minimum of 14 days regardless of healing 
time. Cycloplegic drugs were used if indi- 
cated. 

The patients were examined, and ulcers 
were measured with a slit lamp by at least 
two investigators every two or three days 
until healing occurred. After reepitheliali- 
zation, the dendritic uleer was considered 
to be healed when there was an absence of 
macropunctate epithelial staining. 


RESULTS 


The study included 14 episodes of 
dendritic ulcers in 11 eyes of ten 
patients. The conditions of these 
patients had been previously treated 
with idoxuribine or vidarabine for an 
average of ten days before the 
patients received trifluridine. When 
placed on the trifluridine course, the 
average healing time of the dendritic 
ulcers in the 14 episodes was 6.1 days. 
The conditions of two patients (Table, 
patients 7 and 8) flared up with a 


recrudescence of active dendritic ker- 


atitis soon after therapy was discon- 
tinued. The ulcers appeared at the 
same site as the initial ulcer within 
seven days of stopping trifluridine 
therapy. 

All patients except one in this study 


tolerated trifluridine well, with only . 
occasiona mild discomfort and with- 
out any oovious signs of a toxic reac- -. 


tion in the conjunctiva or cornea. In 
one patient (Table, patient 1), side 


effects that we presumed were related - 


to trifluridine therapy developed. Af- 
ter 22 days on the trifluridine course, 
a diffuse punctate epithelial keratitis, 
with areas of gray epithelium and fine 
linear refractile crystalline epithelial 
deposits, in areas of corneal epithe- 
lium away from the original ulcera- 
tion, developed in this patient. The 
epithelial keratitis and crystalline 
deposits resolved within ten days 
after discontinuing use of the drug, 
and the patient did well with no 
permanent effects. 


R=PORT OF CASES 


We detail information on two cases with A 
interesting clinieal courses that demon- 


strated either reeurrence or recrudescence 
of keratitis. 

Case 1.—:n July 1975, bilateral herpetic 
keratitis developed in an 18-year-old man. 
The conditien was treated with idoxuridine 
ointment fer ten days without improve- 
ment. Both corneas were then debrided, 
the keratitis healed, and the patient 
remained asymptomatic until September, 
when dendritic keratitis developed again 
in both ey2s. His condition was again 
treated with idoxuribine ointment without 
improvemert, ard consequently the pa- 


tient was referred to ws. The patient's | 


general health was excellent. He had no 
known histcry of allergies. 

On examination, visual acuity was 20/30 
in the right eye and 20/20 in the left eye. 
The pupils were normal. and extraocular 
movements were intact. Slit-lamp exami- 
nation revezled mild conjunctival injection 
in both eyes, and multiple small dendritic 
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Clinical Data on Patients 
















1/F/74 Two 
















7/F/41 Several 1 wk 


8/F/29 
9/M/18 


2 wk 


10 days 
10 days 
2 wk 


Several 

One, OS 
One, OD 
Two, OS 
Two, OD 


Several, 



















10/M/33 1 wk 







ulcers in both corneas, with mild stromal 
inflammation. The anterior chambers were 
normal, with no flare or cells noted. Results 
of ophthalmoscopic examination of the 
fundus were normal in both eyes. Corneal 
sensation was decreased bilaterally. 

The patient was started on a course of 
vidarabine ointment every three hours 
during the day. His ulcers healed, and after 
two weeks, treatment with vidarabine was 
stopped. A month later, small, round, 
postinfectious epithelial erosions devel- 
oped over two areas of stromal disease and 
responded to patching and erythromycin 
ointment as an emollient. 

In February 1976, dendritic keratitis was 
again noted bilaterally. Because of the 
previous history of unresponsiveness to 
idoxuridine, the patient was begun on a 
regimen of vidarabine ointment, five times 
daily in both eyes. After one week, new 
dendritic ulcers appeared in the left 
cornea, and the dendritic ulcers in the right 
cornea became larger. The vidarabine was 
discontinued, and 1% trifluridine solution 
was begun every two hours. The dendritic 
keratitis healed within one week in both 
eyes. 

Three months later, dendritic ulcers 
developed again in both eyes. Once more, 
the patient’s condition was treated by his 
local ophthalmologist with idoxuridine so- 
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No. of - Previous Healing 
Case/Sex/ Previous Antiviral Time, 
Age, yr Episodes Treatment Days Comment 


re] 5 
7 


6/M/26 None 5 days Moderate reaction in anterior cham- 
ber 





OS infiltrates, folds in Descemet's 
Several Documented 6 membrane and keratitic precipi- 
OS history of tates, with moderate reaction in 
unrespon- anterior chamber; condition had 
Siveness been treated with trifluridine for 















Patient had been on regimen of 
dexamethasone sodium phos- 
phate drops twice daily and 
idoxuridine drops every twc 
hours; was kept on course cf 0.12596 
prednisolone sodium phosphate, 
one drop per day. Signs of toxic 
reaction developed after 22 days 
on trifluridine 


Had recrudescence seven days af- 
ter trifluridine therapy was discon- 
tinued; treated again with triflurid- | 

ine and dendrite healed. (Second 

episode was followed elsewhere) 


See case report 2 in text 
See case report 1 in text 









Had superficial and deep stromal 


previous dendritic episode two 
months before; had vesicles on 
lid of affected eye 


lution, every hour during the day for ten 
days, and then the patient was referred to 
us because there was no improvement in 
his condition. He again had active dendritic 
keratitis in both eyes, and he was placed on 
a topical trifluridine regimen. The dendrit- 
ic keratitis healed in six days in both eyes. 
The patient had residual superficial stro- 
mal scars and a small oval erosion that was 
treated with emollient ointment. 

This was an interesting case, in which 
the last two episodes of dendritic keratitis 
responded only to trifluridine after idoxu- 
ridine and vidarabine therapy had been 
ineffective. 

CasE 2.—A 29-year-old woman had her 
first episode of herpetic keratitis in Febru- 
ary 1976. In December 1976 she had a 
recurrence of dendritic keratitis. Her 
condition was treated with idoxuridine 
solution that was applied every hour for 
two weeks. The keratitis did not improve, 
and the patient was referred to us. The 
patient was in good general health and had 
no history of allergies. 

The examination revealed a visual acuity 
of 20/20 in the right eye and 20/80 in the 
left eye. The patient was orthophoric, and 
the extraocular movements were normal. 
Pupillary reactions were normal. Results of 
slit-lamp examination were normal in the 
right eye. The left eye showed moderate 


conjunctival injection. The cornea revealed 
a small, central dendritic ulcer and areas of 
stromal scarring. The anterior chamber 
was deep with no inflammatory reaction. 
The results of the ocular examination were 
otherwise normal in both eyes. 

The patient was placed on a regimen of 
1% trifluridine solution, every two hours, 
and the ulcer healed in three days. One 
week after completing a two-week course 
of trifluridine, the patient again com- 
plained of tearing and photophobia, and 
vesicles on her left cheek also developed. 
On examination, her left cornea demon- 
strated a 3-mm central dendritic ulcer in 
the same area previously involved. The 
recrudescence was again treated with 
trifluridine, and the ulcer healed in five 
days. The patient was kept on the triflurid- 
ine course for another two weeks, and she 
did well. 

This patient demonstrated a recrudes- 
cence of dendritic keratitis in the same 
area of the previous ulceration. The patient 
was judged to be reliable, and compliance 
was not thought to be a problem. This 
temporary relapse after presumed ade- 
quate therapy has been noted previously 
with idoxuridine therapy." ^ 


COMMENT 
Antiviral Alternative Drugs 


The need for alternative antiviral 
agents has encouraged the develop- 
ment of new antiviral drugs. Vidara- 
bine, a purine analogue, has been 
shown to be effective in human 
herpetic keratitis" and has proved to 
be a comparatively nontoxic substi- 
tute for patients whose conditions are 
unresponsive or intolerant to idoxuri- 
dine.t However, treatment failures 
have been reported for patients 
receiving vidarabine prophylactically 
while during topical corticosteroid 
therapy of stromal keratitis." 


Trifluridine in Herpetic Keratitis 


Information is accumulating that 
trifluridine, a pyrimidine nucleoside 
that differs from the idoxuridine 
molecule only in its side-arm, is also a 
highly effective clinical alternative to 
idoxuridine. Clinical studies have re- 
cently been published that compare 
trifluridine with idoxuridine and vida- 
rabine. Wellings et al* treated a series 
of patients with herpes simplex ulcer- 
ations using 1% trifluridine. or 0.1% 
idoxuridine solution and fund a 
substantially shorter healing time 
with trifluridine (6.3 days to 8.2 days) 
and a failure rate of 7.5% for trifluri- 
dine compared with 39.5% fer tdoxuri- 
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dine. Se-eral studies? have com- 
pared triduridine with vidarabine. No 
statisticaly sigmificant difference in 
healing ~a@tes was noted, although 
there was a clinical impression that 
trifuridise migkt be more effective 
in healing amoeboid ulcers." 

The clnical use of trifluridine in 
herpetic Leratitis that is unresponsive 
to idoxutidine was first studied in 
England, in 1974, by McGill et al." 
They reported an average healing 
time for dendritic ulcers of 5.6 days, 
compared with 6.. days in the present 
study. One patient in our study (case 
repert 1) with bilateral herpetic ulcers 
was clinieally resistant to both idox- 
uridine ard vidarabine. The dendritic 
ulcer in one eye did not improve after 
two week. en vidarabine therapy, and 
new dendritic ulcers developed in the 
other eye after ane week on vidara- 
bine therapy. When treated with 
trifluridine, the dendritic ulcers in 
both eyes healed m seven days. Jones 
et zl" -eportec three cases, in 
England, of vidarabine-resistant ul- 
cers that healec with trifluridine 
treatment 

There are very few reports in the 
literature lealing with recrudescences 
or reeurrenees of alceration following 
trifluridine therapy. Two patients in 
our study had flare-ups or recrudes- 
cences of active dendritic keratitis at 
the origiral site of the initial ulcer 
within one week of discontinuing 
trifluridine therapy. Both cases re- 
sponded rzpidly tc further trifluridine 
therapy, aad possibly, a longer course 
of triluricine woald have prevented 
their flare-ups. McKinnon et al" 
reported recrudeseences in three of 30 
patients treated with trifluridine. Re- 
currences «f active dendritic keratitis 
were also -een in zwo of our patients 
two and three months after healing of 
the previous dendritic ulceration. 
These recurrences also healed with 
another coarse of trifluridine therapy. 
McGill et ai^ noted no statistically 
significant. difference in recurrence 
rates betveen groups treated with 
trifluridine er idozuridine. It is rea- 
sonable to .ssume that recrudescences 
may be iniuenced by the potency of 
the antifir.l drug «nd by the duration 
of the therapy. Eecurrence rate in 
itself probably does not depend on 
either of those factors. However, 
further Stucty is needed to clarify the 
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recurrence problem with regard to the 
previous mode of therapy. 


Side Effects of Trifluridine 


Toxie reaction to trifluridine has 
been reported infrequently. Some 
investigators*'* have noted occasional 
contact dermatitis, punctate epithelial 
erosions, epithelial microcysts, and 
epithelial edema, all of which seem to 
be dose-related. Filamentary keratitis 
and one case of punctal occlusion have 
also been reported." A reversible 
punctate epithelial keratitis has also 
been reported with the use of 5% 
trifluridine ointment in experimental 
vaccinial keratitis." These side effects 
are also sometimes seen as a result of 
viral infection per se and their rela- 
tionship to drug use may not be clear 
when this is the case. A keratitis that 
was probably directly related to the 
use of trifluridine developed in one of 
our patients. The dendritic lesions had 
healed within a week on trifluridine. 
However, the patient was then tempo- 
rarily lost to follow-up for three 
weeks, during which time she contin- 
ued to use trifluridine. When seen 
again, the cornea revealed diffuse 
punctate epithelial keratitis and areas 
of gray epithelium that contained 
fine, linear, refractile crystalline de- 
posits. The drug was immediately 
discontinued, and the patient's epithe- 
lial keratitis and the crystalline depo- 
sits disappeared within ten days. We 
have never seen this type of superfi- 
cial crystalline keratitis accompany- 
ing herpes infection, and we assume it 
was related to trifluridine therapy. 

Our impression is that trifluridine 
is an effective drug in patients with 
herpetic keratitis that is unresponsive 
to idoxuridine or vidarabine. Triflu- 
ridine has been well tolerated and has 
few toxic side effects; however, our 
results indicate that trifluridine does 
not reduce the rate of recurrence or 
recrudescence of herpetic keratitis. 

This study was supported by a grant from 
Research to Prevent Blindness Inc; by the 
Ophthalmic Research Center grant PHS 1 P30 
EY01931 01; and by a grant from Burroughs 
Wellcome Co, Research Triangle Park, NC. 

Trifluridine solution was supplied by Dan 
King, PhD, Burroughs Wellcome Co. Ms Mar- 


ianne Scannell and Ms Barbara Morley gave 
assistance during the study. 
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Nonproprietary Names 
and Trademarks of Drugs 


Idoxuridine—Dendrid, derplex, Stozil. 
Vidarabine—Vira-A @phthalmic Oint- 
ment. 
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Microtropia 


Abdol R. Setayesh, MD; Ali A. Khodadoust, MD; Said M. Daryani, MD 


è Evaluation of 50 cases of microtropia 
that were collected within two years indi- 
cates the primary form of microtropia to 
be more common than the secondary 
form (48:2 cases). Various degrees of 
 anisometropia were present in all cases of 
primary microtropia, suggesting that ani- 
sometropia is the cause rather than the 
consequence of microtropia. 

(Arch Ophthalmol 96:1842-1847, 1978) 


he clinical phenomenon of non- 
strabismic anisometropic am- 
blyopia (mierotropia) is a recently 
recognized and defined entity."* It 
consists of the presence of amblyopia 
with no apparent ocular deviation on 
the cover or cover-uncover test, and 
the presence of a central scotoma in 
the involved eye, detected by the 4- 
diopter prism test and Bagolini's 
striated-glass test. There is unilateral 
eecentrie fixation, and the bifoveal 
correspondence test shows harmoni- 
ous sensory adaptation between the 
eecentric area of the deviating eye 
and the fovea of the normal eye. 
This entity has been divided into 
primary and secondary forms.‘ The 
secondary form is the microtropia 
that appears after surgical or medical 
therapy of a formerly larger angle of 
strabismus. The primary form has 
been thought to be a rare phenomenon 
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as compared with the secondary 
form.* Anisometropia has been consid- 
ered by some authors as an important 
pathogene factor in the primary 
form, and other authors consider that 
anisometropia is the result rather 
than the cause.* 

The purpose of this communication 
is to describe our observations on 50 
consecutive cases of microtropia col- 
lected within two years; to discuss the 
role of anisometropia in the pathogen- 
esis of this entity; and to repeat our 
finding that the primary form of 
microtropia occurred much more fre- 
quently than the secondary form. 


SUBJECTS AND METHODS 


We were able to collect 50 consecutive 
cases of microtropia within two years (Jan- 
uary 1969 to December 1971) from the 
Ocular Motility Clinic of the Department 
of Ophthalmology, Pahlavi University 
Medical School, Iran. All the cases fulfilled 
the following criteria: (1) absence of appar- 
ent strabismus; (2) absence of heterotropia 
on the cover test; (8) presence of amblyo- 
pia; and (4) absence of an ophthalmoscopi- 
cally detectable organic lesion of the 
fundus. 

The name, age, sex, and hospital number 
of each patient was recorded. Using a 
projected chart with one line of letters 
presented at a time, visual acuity of each 
patient was recorded without glasses, or 
with pin-hole if visual acuity was less than 
10/10. A cycloplegic refraction was done, 
and visual acuity with glasses or pin-hole 
was recorded. With the patient fixating on 
a small target held at 33 cm, the cover test 
for heterotropia, the cover-uncover test for 
heterophoria, and the alternate cover test 


for measurement of maximum deviation 
were performed. 

The Bagolini striated-glass test was 
done on each patient, and what he or she 
saw and drew on the paper was recorded. 
The 4-diopter prism test was performed by 
placing a 4-diopter prism base over each 
eye and observing the movements of the 
other eye. Absence of fusion movement of 
the amblyopic eye after abduction, when 
the prism was placed over the normal eye, 
and absence of shift in either eye when the 
prism was placed over the amblyopic eye, 
was called positive. 

Anterior segments of the eyes were 
examined by slit lamp for the presence of 
corneal or lenticular opacities, and ophthal- 
moscopie examination was performed for 
the presence of any organic lesions of optie 
nerve and the posterior pole of the 
fundus. 

Monocular fixation behavior was 
checked by visuscope in each eye. The 
bifoveal correspondence test? was done by 
having the patient fixate on a light at the 
center of a Maddox cross, via a mirror held 
at a 45? angle, at 1 m, with the normal eye, 
and the asterisk of the visuscope was 
projected on the fovea of the amblyopic 
eye. The patient was asked to indieate the 
position of the asterisk on the Madcox 
scale in relation to the central light. If they 
were not superimposed, the star was then 
displaced until it was seen by the patient as 
superimposed on the fixation light. This 
indicated the presence of an eccentric fixa- 
tion area having the same visual direction 
as the fovea of the normal eye. , 


RESULTS 


A summary of the data collected 
from 50 patients is presented in 
Tables 1, 2, and 3. The age' of the 
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Table 1.—Hypermetropia of One or Both Eyes 


CESE AGE SEX VISION AND REFRACTION PHORIAS FIXATION 4-DIOPTER BAGOLINI BIFOREAL E 
NO. PRISM TEST C. TEST .— 





OD 10/10 +1.50 10/10 
l 19 M ESO 4 e*  gSCOTOMA OS 


OS 1/20 +5.00 +1.00 x 90 1/10 














OD 10/10 +1.00 10/10 

2 19 F ORTHO 
OS 1/20 +4.50 2/10 
OD 10/10 +0.50 10/10 

3 11 M ORTHO 
OS 1/10 +4.00 3/16 
OD 10/10 +1.50 10/10 

4 30 M ESO 4 


OS 1/10 +4.00 +1.00 x 90 3/10 








OD 10/10 +1.50 10/10 

5 22 M ORTHO 
OS 1/10 +4.50 6/10 
OD 10/10 +1.00 10/10 

6 45 M EXO 4 
OS 3/10 +4.00 8/10 





OD 1/10 42.75 +1.00 x 120 5/10 
7 324 M ORTHO 
OS 10/10 +0.50 +0.50 x 70 10/10 











OD 10/10 +2.00 10/10 
8 a M ESO 4 
OS 3/10 +4.00 3/10 
OD 10/10 +1.00 +0.75 x 180 10/10 
9 20 F ESO 5 O ^» SCOTOMA OS Os 
OS 7/10 +3.00 7/10 



















OD 1/10 +2.50 +1.00 x 90 5/10 











10 25 M ORTHO 2 
OS 7/10 +1.50 10/10 n 
OD 9/10 +2.00 10/10 

11 2a M ORTHO 
OS 1/20 +2.00 +2.00 x 165 4/10 
OD 9/10 +3.50 10/10 

12 1€ P ESO 4aD 


2/10 +4.50 3/10 















OD 5/10 +2.50 9/10 
13 a6 M 
OS 1/20 +2.50 +1.50 x 110 3/10 
OD 7/10 -1.00 +2.50 x 90 7/10 
14 | ae N 
e OS 9/10 40.25 41.50 x 140 10/10 
OD 10/10 +1.00 +0.50 x 90 10/10 
15 5 F 
D i ee OS 7/10 +2.00 +2.00 x 60 7/10 
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CASE AGE SEX VISION AND REFRACTION PHORIAS FIXATION 4-DIOPTER BAGOLINI BIFOREAL 
Wo. PRISM TEST C. TEST 


OD 2/10 +4.00 5/10 z 
16 36 F ORTHO * SCOTOMA OD 


OS 2/10 +4.00 10/10 




















OD 1/20 +7.00 +1.00 x 90 1/10 








17 30 M ORTHO A Q SCOTOMA OD 
OS 10/10 EMMETROPIC 10/10 
OD 1/10 +6.50 3/10 

18 12 M ORTHO xo Q SCOTOMA OD 
OS 10/10 EMMETROPIC 10/10 
OD 3/10 +3.50 +1.00 x 90 3/10 

19 40 F ORTHO wo Q SCOTOMA OD 
OS 10/10 EMMETROPIC 10/10 


OD 10/10 EMMETROPIC 10/10 
20 27 M ORTHO 
OS 1/10 +3.50 +1.00 x 180 8/10 























































OD 10/10 EMMETROPIC 10/10 
21 18 F ORTHO NOT DONE 
OS 3/10 +4.00 3/10 
OD 10/10 EMMETROPIC 10/10 
22 30 M 
OS 1/10 +3.00 +1.50 x 70 3/10 
OD 10/10 EMMETROPIC 10/10 
23 45 M 
OS 1/20 +3.50 8/10 
OD 10/10 EMMETROPIC 10/10 
24 25 M 
OS 1/10 +2.50 3/10 
OD 5/10 +2.50 6/10 
25 30 M 
OS 10/10 EMMETROPIC 10/10 
OD 3/10 +1.50 +1.00 x 180 7/10 
26 20 M 
OS 10/10 EMMETROPIC 10/10 
OD 3/10 +1.50 +1.00 x 90 3/10 
27 29 F ORTHO On Q SCOTOMA OD NOT DONE 
OS 10/10 EMMETROPIC 10/10 
OD 10/10 EMMETROPIC 10/10 
28 20 M ORTHO O "m SCOTOMA OS 
OS 8/10 +1.50 +0.50 x 90 8/10 
OD 5/10 +1.50 5/10 
29 15 M ORTHO * Q SCOTOMA OD 
OS 10/10 EMMETROPIC 10/10 
OD 10/10 EMMETROPIC 10/10 
30 17 M ORTHO . NOT DONE 
OS 2/10 +1.00 5/10 ^ 
OD 10/10 EMMETROPIC 10/10 
31 23 M ORTHO 
OS 7/10 +1.00 x 90 8/10 
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Table 2.—Myopia of One or Both Eyes 





CASE EGE SEX VISION AND REFRACTION PHORIAS FIXATION 4-DIOFTER BAGOLINI BIFOREAL 

NO. PRISM TEST 
OD 1/20 -9.00 4/10 

32 22 a EXO 64D ox SCOTOMA OD 
OS 2/10 -5.00 +0.75 x 120 10/10 
OD 2/10 -4.00 10/10 

33 ez - r ORTHO O ex — SCOTOMA OS 
OS 1/20 -8.00 2/10 
OD 1/20 -4.50 4/10 

34 6 r EXO lOAD ¥e Q SCOTOMA OD 
OS 3/10 -1.25 +0.50 x 100 10/10 





OD 1/10 -4.50 «0.75 x 20 9/10 














35 7 F EXO 64D NOT DONE 
OS 1/20 -7.50 +3.00 x 150 1/10 
OD 1/20 -3.00 10/10 

36 = F EXO 6AD ae 
OS 5/10 -2.50 +2.50 x 80 9/10 
OD 7/10 -1:50 x 90 10/10 

37 5 F ORTHO x 
OS 2/10 -3.50 41.00 x 150 7/10 
OD 9/10 -0.25 10/10 

38 4 F ORTHO NOT DONE 
OS 1/20 -1.50 1/10 
OD 8/10 -0.50 10/10 j^ 

39 13 M ORTHO ea SCOTOMF OS 18 NOT DONE 
OS 1/10 -1.75 6/10 






















OD 10/10 -2.50 42.50 x 75 10/10 
40 2 M ORTHO 
OS 1/10 -4.50 +4.50x 90 4/10 





OD 8/10 -0.50 10/10 
41 2e F ORTHO 
OS 3/10 -3.00 +2.00 x 90 3/10 











OD 8/10 -0.50 10/10 

42 2t M ORTHO 
OS 4/10 -1.00 7/10 
OD 1/10 -3.00 2/10 

43 3l M EXO 5AD *e SCOTOMA OD NOT DONE 
OS 10/10 EMMETROPIC 10/10 
OD 10/10 EMMETROPIC 10/10 

44 xL M ORTHO D we SCOTOMA OS x 

. OS 1/10 -3.00 +1.50 x 60 8/10 









OD 10/10 EMMETROPIC 10/10 
45 21 M ORTHO we SCOTOMA OS 
2i. ee OS 1/10 -3.50 +3.00 x 165 5/10 
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Table 3.—Hypermetropia of One Eye and Myopia of the Other Eye 




















CASE AGE SEX VISION AND REFRACTION PHORIAS FIXATION 4-DIOPTER BAGOLINI BIFOREAL 
NO. PRISM TEST 
OD 8/10 -1.50 x 90 10/10 e 
46 29 F EXO 5aD SCOTOMA OS 
OS 4/10 43.00 41.00 x 75 9/10 
OD 10/10 +0.50 10/10 
47 26 F ORTHO 
OS 1/20 -6.00 x 170 |. 3/10 
OD 3/10 -1.50 45.00 x 90 7/10 
48 19 M ORTHO 
OS 9/10 -0.50 40.50 x 90 10/10 
OD 10/10 +0.50 10/10 
49 35 M ORTHO 
OS 1/20 -1.50 6/10 
OD 8/10 +1.25 x 180 10/10 
50 26 M ORTHO 


OS 2/10 -1.50 +1.50 x 100 5/10 








patients ranged from 11 to 46 years; 
there were 34 males and 16 females. 
The left eye was the amblyopic eye in 
35 cases, and the right eye in 15. 
Forty-eight patients had had no medi- 
eal or surgical therapy for amblyopia 
or strabismus, and the microtropia 
was therefore considered to be the 
primary form. Amblyopia ranged 
from 1/20 to 7/10 without correction 
of refractive errors, and 1/15 to 9/10 
with correction. Acuity of the domi- 
nant eye ranged from 2/10 to 10/10 
without correction, and 9/10 to 10/10 
with correction. All the patients had 
varying degrees of refractive errors. 
Considering the spherical equivalent 
of cylindrical components in patients 
with astigmatism, we have divided 
the cases into three groups, as 
follows. 


Hypermetropia of One or Both Eyes 


In this group there were 31 cases: 16 
with bilateral hypermetropia and 15 
with unilateral hypermetropia (cases 1 
to 31 in Table 1). Various degrees of 
anisometropia, from 1 to 7.5 diopters, 
were present in 30 of these cases with 
primary microtropia. In 28 cases, 
anisometropia was 4 diopters or less, 
and in the two other cases, it was 6.5 
and 7.5 diopters (cases 18 and 17, 
respectively). The amblyopie eye in 
this group was always the eye with 


e . more hypermetropia. Patient 16, who 
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had no anisometropia, had a history of 
previous surgical treatment of large- 
angle esotropia, and was therefore 
considered to have secondary micro- 
tropia. 


Myopia of One or Both Eyes 


In this group there were 14 cases: 11 
with bilateral myopia, and three.with 
myopia of one eye and emmetropia of 
the other eye (cases 32 through 45 in 
Table 2). The microtropia was consid- 
ered to be of the primary form in 13 
patients that had no history of 
previous medical or surgica! therapy, 
and the secondary form in patient 42, 
in whom there had been surgical 
repair of a preexisting large-angle 
exotropia. Various degrees of aniso- 
metropia ranging from 1 to 4 diopters 
were present in all 18 cases of primary 
microtropia. The amblyopic eye in this 
group was always the eye with more 
myopia, except in case 36, in which the 
eye with less myopia had microtropia. 
In ease 36, the involved eye had 2.5 
diopters of astigmatism, and no astig- 
matism in the other eye. In case 42, 
with secondary microtropia, there was 
0.5 diopter of anisometropia. 


Myopia of One Eye, Hyperopia 
of the Other Eye 


In this group there were five cases 
in which one eye was myopic and the 
other hypermetropic (cases 45 to 50 in 


Table 3). Anisometropia was present 
in all five cases, and it ranged from 
1.50 to 4.25 diopters. The amblyopic 
eye was the eye with myopia in three 
cases (No. 45, 49, and 50) and the 
amblyopic eye had hyperopia in two 
cases (No. 46 and 48). In the latter two 
cases, the amblyopic eye had more 
astigmatism than did the dominant 
eye. 

There was no heterotropia by the 
cover test. Various degrees of hetero- 
phoria were present in 16 eases by the 
cover-uncover test and the alternate 
cover test. There was exephoria in 
nine cases and esophoria in seven 
cases. Exophoria ranged from 4 to 10 
prism diopters, and esophoria ranged 
from 3 to 5 prism diopters. 

Central scotoma could be detected 
in all eases by the 4-diopter prism test. 
The Bagolini striated-glass test was 
performed on all 50 of the patients. 
The responses of 45 patients indicated 
harmonious anomalous retinal corre- 
spondence (the patients saw a cross 
while fixating with the fovea of the 
sound eye and the eccentric area of 
the amblyopic eye). Thirty of these 
patients confirmed the presence of 
central seotoma by seeing a breax in 
the luminous line viewed by the 
amblyopic eye. Three patients saw the 
line intermittently with the amblyopic 
eye, and two patients failed to see a 
clear line with the amblyopic eye. 
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Fixaton was steady and central in 
the norraal eyes, and steady with vari- 
ous degrees of eccentricity in the 
amblyope eyes. The bifoveal corre- 
spondense test was performed for 25 
patients, and all had harmonious 
anomalous retinal correspondence. 


COMMENT 


Althougk the occurrence of amblyo- 
pia without strabismus has been 
reported’ since 1948, and the isolated 
clinical features of this phenomenon 
have been noted from time to time,^* 
only since -he report of Helveston and 
von Noord+ r* in 1967 has the condition 
been recognized as a clinical entity. 
Parks; in 1964, called this phenome- 
non “mor>fixational phoria,” and 
Lang, in 1966, used the term “micro- 
strabismus. ' 

The criteria used for diagnosis of 
microtropia«Helveston and von Noor- 
den) were: ( ) ultrasmall angle of stra- 
bismus, und -tectable by cover test; (2) 
amblyopia vith eccentric fixation in 
the involved eye; (3) harmonious 
sensory adastation between the ec- 
centric area 5f the deviating eye and 
the fovea of the sound eye; and (4) 
anisometropia usually present, and 
peripheral fusion and some degree of 
stereopsis demonstrated in all in- 
stances. 

Lang,‘ in 1958, described 22 patients 
from ter families, and he classified 
the microtropia into primary and 
secondary fo ms. Microtropia was 
called seeondary when it appeared 
after surgical «r medical therapy of a 
formerly large angle of strabismus. 
The primary fcm was thought to be a 
rare phenomenon, compared with the 
secondary forn- 

In this report. we have presented 50 


Arch Ophthalmal—Vc 96, Oct 1978 


cases of nonstrabismic anisometropic 
amblyopia, all fulfilling the criteria 
proposed by Helveston and von Noor- 
den for the diagnosis of microtropia. 
These cases were collected within two 
years, indicating that this clinical 
entity is not as rare as the previous 
reports indicated. There was no histo- 
ry of medical or surgical therapy for 
strabismus or amblyopia in 48 of our 
50 cases, and these 48 were considered 
to be the primary form of microtropia. 
In the remaining two cases, the 
patients had histories of surgical 
repair of large-angle strabismus, and 
the cases were considered to be the 
secondary form of microtropia. 

Various degrees of anisometropia 
were present in all 48 cases of primary 
microtropia. The least amount of 
anisometropia in either the hyperopic 
or myopic group was 1 diopter. 
Although the majority of the patients 
were hyperopic in one eye or both 
eyes, the range of anisometropia was 
about the same in both hyperopic and 
myopic patients. There was no corre- 
lation between the depth of amblyopia 
and the degree of anisometropia, but 
the amblyopic eye was almost always 
the eye with greater refractive error. 
This indicates that uncorrected ani- 
sometropia is the main causal factor 
in the foveal suppression scotoma in 
primary microtropia. Anisometropia 
as a part of microtropia has been 
observed by others. 

Arguments against anisometropia 
as the sole causal factor involved in 
microtropia include, first, the pre- 
sence of numerous cases of anisome- 
tropia without amblyopia and micro- 
tropia in the same community, and 
second, the lack of correlation be- 
tween the degree of anisometropia 


and the depth of amblyopia. As was 
suggested by  Cantolino and von 
Noorden,* other clinical and subclini- 
cal familial anomalies of binocular 
function may contribute to microtro- 


pia; and as mentioned by Lang,‘ the 


role of heredity could be the predis- 
posing factor. 


In one of our two patients with - 


secondary microtropia, there was no 
anisometropia, and in the other 
patient, 0.5 diopter of anisometropia 
was present. Both patients had a 
central seotoma that was detectable 
by the 4-diopter prism and Bagolini 
tests. This indicates that although 
secondary microtropia is similar to 
primary microtropia (there is a cen- 
tral scotoma and specific sensory 
adaptation between the fovea of the 
sound eye and the pseudomacula of 


the amblyopic eye), the agent causing - t 
the central scotoma in secondary © 


microtropia is different from that of 
primary microtropia. 
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Intentional Surgical Overcorrection 


of Acquired Esotropia 


Stuart R. Dankner, MD; A. Jane Mash; Arthur Jampolsky, MD 


€ Fifty-eight patients with surgically 
treated acquired nonaccommodative eso- 
tropia were studied retrospectively, to 
ascertain what immediate surgical result 
gives the best chance for a postoperative 
bifoveal fusional result. Of the cases that 
were initially overcorrected (exodevia- 
tions), approximately two thirds were 
fusing six months or more after surgery. 
Of the cases that were initially aligned 
(orthophoric) or undercorrected (esode- 
viations), only one third were fusing after 
the same period. These results suggest 
that intentional surgical overcorrection of 
cases of acquired nonaccommodative 
esotropia that have a good fusional poten- 
tial (ie, equal vision) does appear to be a 
desirable goal for the immediate postop- 
erative period. 

(Arch Ophthalmol 96:1848-1852, 1978) 


P ostoperative overcorrections af- 
ter strabismus surgery are gener- 
ally considered undesirable. An excep- 
tion to this rule is intermittent exotro- 
pia, for which the goal in the initial 
postoperative period is an intentional 
esodeviation.'* 
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There are, however, some surgeons 
who also intentionally surgically over- 
correct some cases of esotropia. It has 
been suggested that such “surgical 
orthoptics” will enhance the fusional 
results.’ Other surgeons, however, feel 
that this principle, applied to esotro- 
pia, may lead to unuesirable re- 
sults.*? 

The purpose of this study was to 
determine which immediate postoper- 
ative result in surgically treated 
acquired nonaccommodative esotropia 
provided the best chance of obtaining 
a postoperative fusional result. We 
elected to focus on the six- to 12- 
month postoperative period, using the 
criteria specified below to assess 
bifoveal fusion status. We are not 
addressing the question of stability or 
maintenance of  bifoveal fusion 
beyond this time interval. 


SUBJECTS AND METHODS 


A review was undertaken of the records 
of one of us (A.J.) of patients who had 
undergone surgery for acquired nonaccom- 
modative esotropia during the period 1951 
to 1971. Specific criteria used for patient 
selection were designed to exclude cases 
that had no fusional potential and to elim- 
inate any factors, other than surgery, that 
might contribute to a postoperative under- 
correction or overcorrection. A good fusion- 


al potential was deemed to be present in 
cases that exhibited nearly equal vision, 
without notable interocular differences or 
intraocular pathology (ie, those that could 
obtain two nearly equally perceived 
images). The selection criteria include the 
following: (1) onset of esotropia at or 
beyond 6 months of age (ie, acquired); (2) 
no prior strabismus surgery; (3) no visually 
impairing intraocular pathology; (4) no 
substantial macular amblyopia (ie, visual 
acuity no worse than one line difference 
between each eye or freely alternating 
fixation in cases of younger patients); (5) 
no anisometropia greater than 1-diopter 
spherical equivalent; (6) normal neurologi- 
cal examination results, other than stra- 
bismus; (7) no notable oblique muscle 
dysfunction; (8) no substantial A- or V- 
esotropic pattern; (9) no vertical deviation 
greater than 2 PD; and (10) postoperative 
follow-up for at least six months. 

The specific surgical procedures per- 
formed included unilateral horizontal re- 
cess/resection, bimedial recession, or uni- 
lateral recess/resection with contralateral 
medial rectus recession (for larger angles 
of esotropia). There were no one-muscle or 
four-muscle surgical procedures performed 
in this selected group. 

Refractive errors were corrected during 
the examination. All preoperative mea- 
surements were performed at distance and 
near with prism and alternate cover test- 
ing. Because distance and near measures 
were quite similar for most cases in this 
sample, we chose to presert* the results 
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Table 1.—Tabulation of Preoperative Patient Data* 


Deviations Refraction Measures Age at 


—— Surgery, 
OD OS 


25 mE" AF +2.50 + 025 x 70 +2.25 + 0.75 x 110 1.5 
Cr 20 10 6/6 6/6 +2.75 + 0.50 x 70 + 2.75 + 0.37 x 120 



































































































a 15 6/6 6/6 +2.25 + 0.50 x 15 +2.25 + 1.00 x 130 6.0 
"7 14 5 50 6/6 6/6 +3.25 + 0.50 x 110 +3.00 + 1.00 x 110 8.5 
16 E 30 30 AF AF +1.00 +1.00 + 1.00x 165 2.3 
18 2j 50 20 6/6 6/6 +0.50 + 0.50 x 75 +0.50 + 0.50 x 75 3.0 
20 23 18 14 6/6 6/6 +0.75 + 0.25 x 135 +0.75 + 1.00 x 180 7.0 
21 2j 45 45 AF AF +1.00 +1.25 3.0 
22 2j 25 20 6/9 6/9 +1.75 + 1.50 x 15 +1.75 + 1.75 x 165 4.5 
23 23. 25 12 6/6 6/6 - 2.00 + 0.25 x 100 + 2.00 8.0 
24 23 45 45 6/6 6/6 +0.50 + 1.00 x 180 0 -100x 80 2.9 
25 23 30 18 6/8 6/8 +4.25 + 0.75 x 180 +4.00 + 0.75 x 15 9.0 
26 23 30 25 AF AF +1.50 + 0.75 x 105 +1.25 + 0.50 x 90 3.0 
27 23 30 25 6/9 6/9 +4.00 + 1.00 x 145 + 3.50 + 0.25 x 105 
50 +3.00 + 0.25 x 45 + 3.50 + 0.25 x 115 
j 40 
25 6/6 6/6 +1.50 +1.50 3.0 
+ 1.00 x 155 
+ 0.25 x 70 
+ 0.75 x 110 
+ 0.50 x 108 
RK. 
30 6/6 6/6 +2.50 + 0.50 x 105 +2.75 6.0 
52 4.€ 50 35 6/9 6/9 +1.50 + 0.50 x 95 +2.25 + 0.25 x 90 5.5 
5.C 18 8 6/9 6/7.5 +2.25 + 1.00 x 15 
5.5 80 60 6/6 6/6 +2.75 +2.25 + 0.50 x 90 6.0 
55  *6& 45 45 6/6 6/6 +2.75 + 0.75 x 103 +1.50 + 0.75 x 120 10.0 
57 105 30 30 6/6 6/12 O + 0.50 x 105 —0.25 + 0.50 x 80 17.0 
58 16.0 60 65 6/6 6/6 —3.00 + 0.75 x 5 —3.25 + 0.75 x 125 17.0 
, *AF indicate“thatpatient could alternate freely. 
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based on only one set of measurements, 
namely distance, since reporting both 
distance and near results would be redun- 
dant for this sample. 

Bifoveal fusional status was determined 
with cover/uncover and 4-D base-out prism 
testing. The 4-PD test is used to determine 
the presence or absence of bifoveal fusion. 
The criterion of failure is that, when the 
prism is placed before the fixating eye, the 
suspected deviating eye moves and stays 
moved and that, when the prism is 
removed, it moves back and stays moved." 
We recognize that it is a point of controver- 
sy among strabismologists whether bifov- 
eal fusion testing should be based on senso- 
ry tests or motor tests or both; however, it 
is not the purpose of this presentation to 
resolve that issue. Examination measure- 
ments were recorded for the following time 
period: (1) immediately preoperative; (2) 
immediately postoperative, one to seven 
days; (3) one month postoperatively, + one 
week; and (4) six to 12 months postopera- 
tively. 


RESULTS 


A total of 58 cases fulfilled the 
criteria presented herein. Data for 
individual cases are presented in 
Tables 1 and 2. The age group for the 
onset of esotropia ranged from 6 
months to 16 years, with a 9396 occur- 
rence before 6 years of age. Surgery 
was performed by the age of 5 in 55% 
of the cases, while 12% were surgically 
treated after the age of 10. 

The immediate postoperative find- 
ings (ie, days 1 to 7) are summarized 
in Table 3. It should be noted that 
“deviation” is used here to refer to 
phoria, as well as to tropia. Immediate 
postoperative exodeviations (ie, exo- 
phoria or exotropia) included mea- 
sures up to 10 PD. Postoperative eso- 
deviations (ie, esophoria or esotropia) 
included measures up to 15 PD, with 
one exceeding 10 PD. 

A comparison of the immediate 
postoperative results with the six- to 
12-month postoperative fusional re- 
sults is presented in Table 4. It can be 
seen from this table that the percent- 
age of overcorrected (exodeviation) 
cases that fused is twice the percent- 
age in either of the other two groups. 
The x°? comparison of the overcor- 
rected groups with the nonovercor- 
rected groups indicates that this is a 
significant difference (x? = 4.6, 
df = 1, P < .05). Although 35% of the 
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Table 2.—Tabulation of Postoperative Deviations for Three Different T me 





Periods 
1-7 Days 2-5 wk 
grep ttti 
Distance Distance 

1 5X 5X SE” 5E* 3E 3E 

2 10E* 4E* 10E* 4E* 10E 5E 

3 0* 0* 14E 14E 2b 2E 

4 0* 0* 20E 18bE 25E 20E 

5 0* 0* 2b* 2E* 3E 3E 

6 0* 0* 20E 3E 15E 8E 

7 10E 8E 6E 4E 10E 10E 

8 0* 0* 0* 0* 10E 10E 

9 2X* 2X* 10E 18bE 25E 25E 
10 4X 4X 6E* 6E* 2E* SE* 
11 0* 0* 10X 25X 10X 25X 
12- —. 30E 10E 10E 5E 5E 5E 
13 6E* 4E* 8E* 4E* 3E* 2E* 
14 10E 5E 20E 10E 8E 2E 
15 0* 0* 8b* 2p 8E* 2E* 
16 4E 4E 15E 15E 8E 8E 
17 BE* 4E* SE* 2bE* 6E* 4E* 
18 0* 0* 0* 8X 0* 0* 
19 5X 5X 8b* 4E* 4E* aE* 
20 3X* 6X* 3E* 0* 0* 0* 
21 0* 0* 0* 0* 0* 0* 
22 5E 5E 15E 2E 10E 2E 
23 10E 3E 12E 4E 6E 4E 
24 10E 10E 20E 20E 16E 16E 
25 20E 2E 10E 4E 30E 4E 
26 5E 5E 10E 10E 10E 8E 
27 15X 10X 8E 5E 20E 12E 
29 10E* 10E* 10E* 10E* 20E* 16E* 
46 14E* 4E 14E* 6E* 10E* 0* 


*Indicates bifoveal fusion was present. 
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Table 3—immed ate Postoperative 
Results 


Excdevia on 

Exophc-ia 

Exotropa 
Alignmerx (orthophoria) 
Excdevia-- on 

Esophc-ia 


Esotror^a 
*Total No. ss 58. 






Table 5.—Cemparison of 
Postoperative Fusional Results 







6- to 12-mo 
Results 











Phoria, Tropia, 






N % % 
Phoria 22 50 50 
Exctropia 15 67 33 


Esotropia 21 19 81 
Overall 58 43 57 


exodeviaticn (overcorrected) group 
(see Table 4) failed to obtain fusion, 
all of these cases later demonstrated 
residual eStropia, ie, there were no 
permanent overcor-ections. 

It seems a curicus result that the 
surgically aligned group was no 
better thar the undercorrected (esode- 
viation) group. However, if the cases 
are grouped on the basis of their 
immediate postoperative fusional sta- 
tus, other l:fferenees become appar- 
ent (see Taie 5). ^ comparison of the 
phoria groap with the exotropia and 
esotropia -roups demonstrates that 
an immed ate postoperative phoria 
(ie, fusion offers an advantage in 
terms of <hieving a fusional result 
during the six to 1£-month period, but 
not as grea. an advantage as an initial 
postoperat we exotropia. It is also of 
interest that an iritial postoperative 
esotropia gives the lowest probability 
of a fusiora! result six to 12 months 
later. (Sinee ther» were only two 
exopherie Datients included in the 
"phoria" œoup, we were unable to 
make a n@aningfal comparison be- 
tween patents who were exotropic 
immediatex poscoperatively and 
those who vere exephoric.) 

As a general ndication of the 
stability or instability during the first 
postoperatwe year (comparing the 
one-month result with the six- to 12- 
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Table 4.—Comparison of Postoperative Results 


Exodeviation 
Orthophoria 
Esodeviation 
Overall 


month examination result), 71% of all 
cases showed less than a 5-PD change. 
Among the 25 cases that were fusing 
at the later postoperative time, 76% 
were already fusing by one month. 


N 


COMMENT 


These results suggest that cases 
with a small initial postoperative 
overcorrection will have the best 
chance of obtaining a fusional result. 
Although 85% of all cases in this study 
have what many might consider a 
good cosmetic result (within 10 PD of 
orthophoria), one should display re- 
sults according to more defined crite- 
ria, ie, bifoveal fusion status. 

Some authors suggest that a possi- 
ble explanation for the favorable 
result with postoperative overcorrec- 
tion may be its effect in overcoming 
preexisting sensorial adaptations, ie, 
anomalous retinal correspondence 
(ARC) or suppression or both.™" It has. 
also been suggested that surgery can 
produce a favorable effect because 
"anomalous correspondence is pri- 
marily a motor related phenomenon. 
If one does not change the motor 
outflow to the visual apparatus, either 
by surgery or by prisms, one will not 
significantly affect the correspon- 
dence."'* Hence, this implies that the 
poor success in altering correspon- 
dence by modifying only the sensory 
input signals is an expected result 
since there was no alteration of the 
motor outflow to the muscles. Surgical 

overcorrection has been described as a 
form of surgical orthopties''-'* applic- 
able to exodeviations as well as esode- 
viations, in that it creates the oppor- 
tunity "to enhance the fusion poten- 
tial and make bifoveal fusion at least 
possible by creating postoperative 
diplopia, minimizing suppression, and 
altering the anomalous correspon- 
dence,” 
Windsor" reported that, among his 


6-to 12-mo Results 


Fusers, % Nonfusers, % 





esotropic cases that had been overcor- _ 


rected, approximately 85% of those 
with preoperative ARC were con- 
verted to normal retinal correspon- 
dence (NRC) postoperatively. Only 
50% of his cases that were aligned or 


undercorrected after surgery were _ 


converted from ARC to NRC. Howev- 
er, he refrained from recommending 
intentional overcorrection and stated 
that “the question whether the head- 
ache, time, and expense involved in 
the care of these patients justify an 
apparent twofold increase in those 
achieving good binocular vision may 
well be a philosophical one.” Hugon- 
nier," who performed a similar study, 
stated that "it seems eertain that the 
operative overcorrection of an esotro- 
pia considerably improves the func- 
tional prognosis." His goal was to 


obtain a slight exotropia in the imme- - 


diate postoperative period. However, 
he believed it difficult to obtain an 
intentional "slight" overcorrection 
and did not recommend this as a 
routine procedure in cases of esotro- 
pia. 

How much intentional surgical 
overcorrection for acquired nonaccom- 
modative esotropia is desirable, and 
what amount might be considered 
undesirable? This determination is, of 
course, somewhat arbitrary. We would 
suggest that it is preferable to surgi- 
cally achieve an overcorrection that 
does not exceed 10 PD, which is suffi- 
cient to elicit diplopia, but does not 
exceed the bounds that fusional ver- 
gence mechanisms and anatomical 


factors can reasonably overcome. | 


Overeorrections in excess of 10 PD 
impose unnecessary complications of 
anatomical impediments to fusion, 
without adding to the surgical orthop- 
tics. (Selecting a surgical goal of repo- 
sitioning muscles for a definite post- 
operative expectation is part of the 
art of strabismus. Some surgeons 
advocate adjustable surgical tech- 
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niques to obtain more accurately a 
selected operative goal.) 

Thus, an intentional small postoper- 
ative overcorrection is both a war- 
ranted and achievable goal for cases 
of acquired nonaccommodative esotro- 
pia with good fusional potential. 
However, we would strongly discour- 
age intentional overcorrection in 
those cases where fusional potential is 
absent, such as those associated with 
macular amblyopia," high hyperopia 
(peripheral amblyopia), or ocular or- 
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ganic defects. Overcorrection in these 
cases could result in more divergence 
and a permanent exodeviation.**'** 

Good bifoveal fusional results are 
obtained more frequently in cases of 
acquired nonaccommodative esotropia 
when there is an intentional surgical 
overeorrection of a small amount. 
Initial postoperative undercorrection 
reduces the chance for a fusional 
result. 

These results thus support the hy- 
pothesis that intentional surgical 
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Interocular Transfer of a Visual 
’ Aftereffect in Early-Onset Esotropia 


Giovanni Ma-aini, MD, Rita Porta 


€ The interccular transfer of the tilt 
aftereffect was studied in strabismic 
patients witk early-onset esotropia and in 
controls. Squinting subjects were divided 
into a microwopia subgroup with anoma- 
lous binocusr vision and a large-angle 
esotropia sebgroup with total suppres- 
sion of the deviated eye. Patients with 
alternating microtropia and large-angle 
esotropia showed normal or moderately 
reduced inte-ocular transfer of the afteref- 
fect. Patients with monocular microtropia 
with medium- or low-degree amblyopia 
showed a reeuced monocular visual after- 
effect in the dominant eye and practically 
no transfer te the nondominant eye. Adap- 
tation of the-nondominant eye and trans- 
fer of the afwreffect to the dominant eye 
was normal The interocular transfer of 
the tilt afterefect is a poor indicator of the 
state of bwmnocularity of a squinting 
subject, and'the clinical usefulness of this 
test is limite. 

(Arch OpF*halmol 96:1853-1856, 1978) 


n the last decade, a substantial 
amoun? of experimental evidence 
has aecumalated from neurophysio- 
logical experiments that indicate that 
in both the eat and the monkey, a 
large num»er of eells (80%) in the 
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visual cortex receive input from both 
eyes. Binocularity appears to be 
present at birth, but the maintenance 
of binocular innervation depends on a 
normal visual experience during a 
plastic period early in life.** Any situ- 
ation resulting in an imbalance 
between the sensory input from the 
two eyes in newborn animals (like 
monocular deprivation, alternative oc- 
clusion, and strabismus) has been 
demonstrated to be associated with a 
dramatic decrease of the proportion of 
these binocularly innervated neu- 
rons.*^ 

That this might occur also in 
humans seems to be suggested by 
some reports indicating that stereo- 
blind observers, or subjects with a 
history of childhood strabismus show 
very poor or no interocular transfer of 
several visual aftereffects, a phenom- 
enon whieh has been interpreted as 
being mediated by binocular cells 
within the visual cortex. This was 
reported for the tilt aftereffect,’-* the 
threshold elevation effect," and dif- 
ferent motion aftereffects, and the 
results have been generally inter- 
preted as supporting the view that the 
reduced or absent interocular transfer 
of visual aftereffects in both stereo- 
blind and strabismic patients reflects 
the reduced number of binocular 
neurons in their visual cortex. 

However, the possibility that a 
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considerable number of strabismic 
subjects (11 of 18) could show some 
interocular transfer of the movement 
aftereffect was reported by Wade” in 
a group of observers who had a history 
of childhood strabismus and no stere- 
opsis. In nine children with early 
convergent strabismus, Hohmann and 
Creutzfeldt" always found some de- 
gree of interocular transfer of the tilt 
aftereffect and presented evidence 
indieating that the extent of the 
transfer positively correlated with the 
age of onset of strabismus. According 
to Hohmann and Creutzfeldt," when 
the squint had started at the age of 
approximately 2.6 years, or later, a 
normal interocular transfer of the 
aftereffect was possible, and this age 
was thus considered by the authors as 
indicating the end of the plastic peri- 
od for the development of a durable 
form of binocularity in humans. 
These somewhat contradictory re- 
sults and the fact that the patients in 
these previous studies were some- 
times poorly defined from a clinical 
view, have prompted us to investigate 
the interocular transfer of a visual 
aftereffect in a group of strabismic 
patients with well-known clinical rec- 
ords and well-defined sensory anoma- 
lies, to find out whether a relationship 
could be demonstrated between this 
psychophysical test and other charac- 
teristics of the clinical situation. This 
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Interocular Transfer of Tilt Aftereffect in Early-onset Esotropia 


Acuity of 


Strabismic Patient Age at Acuity of Nonsquinting Percent Transfer* 
Subjects No. Fixation Onset Squinting Eye Eye Stereopsis D—N N—D 
Large-angle esotropia with 1 Monocular Congenital 3/10 10/10 Absent 100 19 
suppression of squinting eye 2 Alternating 2 yr 10/10 10/10 Absent 59 86 
3 Alternating — Congenital 10/10 10/10 800" 100 100 
4 Alternating 2% yr 8/10 8/10 Absent 100 114 
Microtropia with anomalous 5 Alternating 2% yr 10/10 10/10 Absent 57 87 
binocular vision 6 Alternating 2 yr 10/10 10/10 200" 92 80 
7 Monocular Unknown 3/10 9/10 300" 0 100 
8 Monocular Unknown 3/10 10/10 1,000" 0 100 
9 Monocular Congenital : 9/10 10/10 200" 0 50 
10 Monocular Unknown 6/10 10/10 140" 0 74 
11 Monocular Probably 9/10 10/10 80" 100 91 
congenital 





*Interocular transfer is referred to dominant (D) and nondominant (N) eye for monocular strabismus. For the subjects with an alternating type of deviation, 
the data are expressed for transfer from right to left eye (left column) and for transfer from left to right eye (right column). 


+Symbol indicates seconds of arc. 


Tilt Aftereffect, Degrees 





Normal Controls 


Patients With 
Large-Angle Esotropia 
With Suppression 


Patients With 
Microtropia With 
Anomalous Binocular 
Vision 


Tilt aftereffect and interocular transfer of aftereffect in group of normal observers and in 
two subgroups of strabismic patients. D and N refer, respectively, to dominant and 
nondominant eye. For subjects with alternating type of deviation and in whom ocular 
dominance could not be assessed, data are expressed for right (R) and left (L) eye. White 
columns indicate monocular aftereffect; black columns indicate transfer of aftereffect to 


. contralateral eye. 


article reports the results of our 
study. 


METHODS 
Subjects 


Eleven normal persons and 24 strabismic 
patients were examined. After two prelim- 
inary screening trials, 16 patients were 
retained for further testing (five normal 
persons and 11 strabismie persons) and 
classified as reliable observers on the basis 
of constancy of responses. 

Five normal subjects (mean age, 
27.6 + 4.3 years), unaware of the meaning 
of the test, were used as controls. All had at 
least 10/10 uncorrected visual acuity in 
both eyes, normal binocular vision, and 
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normal stereopsis (40 seconds of arc at the 
Titmus stereo test). 

The 11 strabismic patients had all been 
followed at the Orthoptic Center of the 
University of Parma, Italy, by both 
authors for several years (mean follow-up, 
6.6 + 1.1 years), and all had a complete 
motor and sensory evaluation performed 
again before the test. On the basis of this 
evaluation, the patients were placed in one 
of two subgroups (Table). 

Four subjects (mean: age, 15.5 + 1.6 
years) had large-angle esotropia (20-352) 
that showed complete suppression of the 
deviated eye with Bagolini's striated 
glasses, Worth's test, and the after-image 
test. No haploscopic fusion was present. In 


three patients, the deviation was alternat- 
ing, and in one patient it was monocular 
with a medium-degree amblycpia of the 
deviated eye. Two patients (No. 1 and 4) 
had undergone surgery at the age of 14 and 
9 years, respectively, with only partial 
reduction of the angle of deviation. 

Seven subjects (mean age, 20+ 44 
years) had a microtropia that was charac- 
terized by a very small convergent devia- 
tion on the cover-uncover test (1 to 35), 
anomalous binocular vision with the 
striated glasses, and anomalous retinal 
correspondence at the synoptcphore and 
with Hering's foveal after-image test. 
Haploscopie fusion was present in all 
patients with limited fusional amplitude. 
Two subjeets had an alternating deviation 
while the others had a monocular squint. 
Stereopsis was absent in one subject, and 
in the others, the mean value was 
320 + 139 seconds of arc at the Titmus 
stereo test. None of these patients had 
undergone surgery, and the cnly thera- 
peutic measures had been the use of the 
optieal correction when necessary and :he 
oceasional patching of one eye (never 
before the age of 6 years). 


Apparatus and Procedure 


All subjects were preliminarily assessed 
for ocular dominance. This was done in the 
controls both by determining the eye with 
the better visual acuity and by asking che 
subject to perform an alignment task with 
both eyes open. In the squinting patients, 
eye dominance was assessed by determin- 
ing the usually fixing eye. Five of the 
patients could fixate equally wel] with ei- 
ther eye, and ocular dominance could not be 
assessed. 

The tilt aftereffect was studied by pre- 
senting the test and the adapting stimulus 
in a Clement-Clark synoptophere: The test 
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and the adasting stimuli were identical 
high-contrast gratings drawn on a synop- 
tophore slide with a spatial frequency of 
0.5 cycle pe degree and subtending a 
square feld o^ 20°. Prior to adaptation, the 
observer was asked to adjust the grating to 
a vertieal pesition, and a series of five 
settings were made with each eye during 
five-second -xposures, to determine a 
measure of te mean error in the apprecia- 
tion of the vertical. Following this, the 
adapting gracing was rotated 15? excyclo 
to the vertic-] and was presented to one 
eye for 2% m-utes. Immediately after this 
adaptation eriod, the test grating, 
oriented 5? »xeyclo to the vertical, was 
shown to the adapted eye. The observer 
slowly »otatei the test grating until the 
lines appeared vertical. The resetting to 
vertical was repeated three times during 
five-second «exposures to determine the 
mean monocalar aftereffect. After a ten- 
minute inter-al, the complete sequence of 
tests was rey=ated on the second eye. 

The interoaular transfer of the tilt after- 
effect was Ctermined by adapting the 
observer memocularly for 2% minutes 
under the exoerimental adaptation condi- 
tions previously described and then asking 
him or her, as before, to adjust to vertical 
the test graing when viewing with the 
controlateral inadapted eye. After readap- 
tation from -n additional 45 seconds, the 
test was repeated twice, and the entire 
procedure wescarried out, first, for trans- 
fer to one ey- , and then for transfer to the 
other eye. The error in the adjustment of 
the test grate was called the transferred 
tilt aftereffeet: the percentage of transfer 
was defined zthe maznitude of the after- 
effect in the _madapted eye, divided by the 
magnitude df the aftereffect previously 
determined m the adapted contralateral 
eye. 


RESULTS 


The resuEs obtained in the individ- 
ual subject. of the three groups of 
observers are summarized in the 
Table and ave graphically reproduced 
in Fig 1. Fermal controls showed a 
mean inter»eular transfer of the tilt 
aftereffect ef 102% + 10% without 
notable infuence ef eye dominance. 
The transfe from the dominant to the 
nondomina: t eye was 108% while that 
in the opposite direction was 96%. 
These two-values are not significantly 
different.* 

Strabism« subjects with large- 
angle esotropia anc total suppression 
of the dev3&ed eye demonstrated a 
good inteFo-ular transfer of the after- 
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effect (mean value, 85% + 11%) 
slightly lower, but not significantly 
different, than that recorded in the 
controls, and again there was no 
apparent influence of eye domi- 
nance. 

In the group of patients with micro- 
tropia and anomalous binocular vision, 
the results of the test depended on 
whether the deviation was of the 
alternating or monocular type. Alter- 
nating squinters showed a good mean 
interocular transfer (79% + 8%) in 
both directions, though the transfer 
value was. lower than normal 
(P < .01). Monocular microtropias, on 
the contrary, while demonstrating a 
good interocular transfer of the tilt 
aftereffect from the nondominant to 
the dominant eye (88% + 9%), failed 
in four cases to show any appreciable 
transfer in the opposite direction (ie, 
from the dominant to the nondomi- 
nant eye). The monocular aftereffect 
was also significantly more pro- 
nounced in the nondominant eye than 
in the dominant eye (4.0° + 0.34° and 
2.1° + 0.39°, respectively; P < .01). It 
should be stressed moreover that the 
only patient (No. 11) with monocular 
microtropia who showed a normal 
transfer in both directions had by far 
the best stereoscopic acuity in the 
subgroup. 

The Table shows that in the whole 
group of strabismic patients, there 
was absolutely no evidence of a rela- 
tionship between age of onset of stra- 
bismus and degree of interocular 
transfer of the aftereffect. 


COMMENT 


The amount of interocular transfer 
of the tilt aftereffect in normal 
subjects has been reported in the liter- 
ature as ranging from values to 57% to 
8375? to up to 100%.'* The mean value 
of 102% that we have obtained in our 
controls fits well with the latter value 
that was obtained with careful observ- 
ers. 

The data on the strabismie subjects 
for this test were somewhat unex- 
pected and disagree with some of the 
previously published studies. All sub- 
jects showed some degree of interocu- 
lar transfer of the aftereffect in at 
least one direction, and for some of 
these persons, the results of the test 
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were indistinguishable from normal. 
Subjects with large-aagle esotropia 
and alternating micro-ropia showed, 
respectively, a practicaly normal, and 
a moderately reduced interocular 
transter in both directions, irrespec- 


tive of the existence of a total 


suppression of the devzated eye or of 
an anomalous binocalar type of 
vision. 

Persons with monocular mierotro- 
pia with low- or medium-degree 
amblyopia always shoved normal in- 
terocular transfer from the nondomi- 
nant to the dominant eye. On the 
other hand, practically no transfer to 
the nondominant eye was seen in four 
of the five patients, and the monocu- 
lar visual aftereffect in the dominant 
eye was substantially reduced. 

As already mentioned, the available 
data in the literature eoncerning the 
interocular transfer of visual afteref- 
fects in strabismie subxcts are some- 
what contradictory, wi-h reports of a 
total absence of transfer, an im- 
paired transfer,'" and even a normal 
transfer." The interocdar transfer of 
visual aftereffects is generally as- 
sumed to be mediatec by binocular 
cells in the visual cortez, and a logical 
consequence of this assemption is that 
the transfer should be greatly reduced 
if the two eyes acti-ate different, 
nonoverlapping groups of neurons. 
The absence or the great reduction of 
the phenomenon in stereoblind sub- 
jects or in patients wit a past history 
of strabismus that has been reported 
by some investigators, fits well with 
this view and is in agreement with the 
demonstrated decrease of binocularly 
activated cortical cells in experimen- 
tal strabismus.*?*:5 

However, in experiments testing 
the behavioral importaace of orienta- 
tion-sensitive cells in the visual cortex 
of eats that were raised with one eye 
viewing a field of ver-ical lines and 
the other eye viewing a field of hori- 
zontal lines, Hirsch' unexpectedly 
found interocular transfer of a series 
of visual discriminatien to be only 
moderately reduced wath respect to 
normal controls, in spte of the fact 
that the cells with ebngated fields 
were predominantly or exclusively 
monocularly activated. 

The interpretation of the results 
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obtained in our study on the strabis- 
mic patients is difficult and must be 
highly speculative. The fact that the 


interocular transfer was never com- . 


pletely absent suggests that at least 
some binocular neuronal connections 
develop independently of binocular 
fusion, and that they are resistant to 
the effects of disrupting binocular 
synergy. The practically normal trans- 
fer found in some squinters definitely 
lacking any kind of binocular fusion 
would suggest that this psychophysi- 
cal test gives a very poor indication of 
the ability of the patients to use binoc- 
ular cues in vision. An alternative 
explanation of the transfer seen in our 
patients could be that interocular 
communications could occur via sub- 
cortical connections that do not neces- 
sarily involve, at least in strabismic 
patients, binocularly activated neu- 
rons in the visual cortex. 

In monocular microtropia, the inter- 
ocular transfer of the aftereffect 
showed a strong dependence on eye 
dominance. As a tentative interpreta- 
tion, one could postulate that the cells 
activated by the nondominant eye, 
though greatly reduced in their abso- 
lute number, are mainly binocular, 
while the percent of binocular cells 
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activated during fixation with the 
dominant eye is only a negligible frac- 
tion of the total cell number. 
Independently from these specula- 
tions, the data presented here suggest 
that the interocular transfer of the tilt 
aftereffect is a very poor indicator of 
binocular integration in a squinting 
subject. It does not seem to be clearly 
correlated either with the age of onset 
of the deviation or with the existence 
or absence in a given patient of a 
gross stereopsis. Thus, the desirability 
of including this test in the clinical 
evaluation of binocular functions in an 
orthoptic center does not seem to be 
supported by our experience. 


Henry A. Buchtel, of the Institute of Physiol- 
ogy of the University of Parma, Italy read and 
discussed the manuscript. 
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. Levetor Aponeurosis Disinsertion 
in tte Young Adult 


A Cause of Ptesis 


J. Justin Older. MD 


* Three patients, under the age of 35 
years, had =quired ptosis. All patients 
gave a history of notable eyelid edema 
during extercied periods. The patients 
underwent sergery umder local anesthe- 
sia. Four ey@ids wer explored through 
the skin rout, and a levator disinsertion 
was found in ali cases Repair was accom- 
plished by reattaching the lower edge of 
the levator aponeuresis to the tarsus. 
Since the surgery was done under local 
anesthesia, tae patient could elevate the 
eyelids during the entire procedure. The 
amount of ewelid elevation could, there- 
fore, be determined 3t surgery. Levator 
aponeurosis fisinserton may be a cause 
for acquired 5tosis fellowing substantial 
eyelid edeme in the young adult. 

(Arch Ophtalmol 95:1857-1858, 1978) 


t has been postulated that pro- 
longed vpper eyelid edema after 
cataract surzery is a cause of ptosis 
owing to a 2vator aponeurosis disin- 
sertion.' Mo-t.catarzet patients are in 
the older ag--zroup 3nd may have had 
a preexistinz aponeurosis dehiscence? 
or a tendency towands disinsertion. A 
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dehiscence is a defect in the levator 
aponeurosis, whereas a disinsertion is 
a separation of the levator aponeuro- 
sis from the upper border of the 
tarsus. 

The theory that edema resulted in 
postcataract ptosis in the elderly 
prompted eyelid exploration in three 
young adults who had blepharoptosis 
following episodes of substantial eye- 
lid edema. When these patients were 
brought to surgery for ptosis repair, 
levator aponeurosis disinsertion was 
found in all three patients (four 
eyelids). This finding suggests that 
eyelid edema can lead to levator disin- 
sertion, which may result in ptosis in 
the young adult. 


REPORT OF CASES 


Case 1.—A 34-year-old man, a prizefight- 
er, had unilateral ptosis. Palpebral fissures 
were 9 mm in the right eye and 4 mm in the 
left eye. Excursions of the upper lids were 
12 mm on the right and 8 mm on the left. 
The left pupil was covered by the upper 
eyelid in the primary position of gaze. This 
man gave a history of many years of 
prizefighting and multiple episodes of 
swollen eyelids secondary to trauma. He 
was taken to surgery, and the left upper 
eyelid was explored through the skin. A 
levator disinsertion was found and re- 
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paired as described in the "Surgical Tech- 
nique" section following. The postopera- 
tive result was good on examination two 
months after surgery. The left palpebral 
fissure was 8 mm, and the excursion of the 
levator muscle was 10 mm. 

CasE 2.-A 26-year-old woman had a 
history of multiple episodes of eyelid 
edema secondary to an allergy to an insec- 
ticide spray. The insecticide was used in 
the kitchen where she cooked, but the 
woman was not initially aware that this 
was her allergy. She indicated that the lids 
swelled for months at a time, and in a 
period of several years, the lids began to 
droop. 

On examination, this young woman had 
bilateral ptosis. Palpebral fissures were 6 
mm in the right eye and 5 mm in the left 
eye. The right upper lid excursion was 10 
mm, and the left excursion was 8 mm. 

The patient was taken to surgery where 
both upper lids were explored. Levator 
disinsertions of 12 mm in the left lid and 10 
mm in the right lid were found. That is, the 
lower border of the levator aponeurosis 
was 12 mm from the upper border of the 
tarsus in the left eye and 10 mm above the 
tarsus in the right eye. Repair was accom- 
plished as described in the “Surgical Tech- 
nique” section. Two months after surgery, 
the palpebral fissures were 9 mm in the 
right eye and 7 mm in the left eye. Excur- 
sions of the levator muscles were 12 mm in 
each eye. 
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Case 3, 18-year-old girl. Before (top figures), and two weeks after (bottom figures) 


original operation for levator disinsertion in left eye. 


Case 3.—A 16-year-old girl was injured 
by a Frisbee, which hit her forehead on the 
left side. Severe edema of the left upper lid 
persisted for several months after the inju- 
ry. When the edema cleared, she had a 
ptosis of the left upper lid that did not 
resolve. 

At age 18, the patient had a 4-mm ptosis 
on the left side. The palpebral fissure on 
the right was 11 mm and on the left was 7 
mm. The right upper lid excursion was 13 
mm, and the left excursion was 10 mm. 

The patient was taken to surgery, and 
her eye was explored via the skin approach. 
A 9-mm levator disinsertion was found and 
repaired. Two weeks after surgery, the 
palpebral fissures were 11 mm in each eye, 
and the levator excursions were 13 mm in 
each eye (Figure). 

Five weeks after surgery, the patient 
had a suture reaction in the upper eyelid, 
and the lid level fell 2 mm. Six months 
after the first surgery, her eye was re- 
explored, and the levator disinsertion was 
repaired with 6.0 polypropylene (Prolene) 
sutures. Two months after the second 
surgery, the left upper eyelid was at the 
same level as the right. 


SURGICAL TECHNIQUE 


The surgical repair was a modification of 
the technique described by Jones et al. 
One to two milliliters of 1% lidocaine 
hydrochloride with epinephrine sulfate 
(1:100,000) were infiltrated subcutaneously 
in the upper eyelid. An incision was made 
in the upper eyelid at the level of the lid 
crease. This incision extended horizontally 
20 to 25 mm. (The incision went through 
the skin only.) Dissection was then carried 
superiorly underneath the skin for another 
8 to 10 mm. At this point, dissection was 
directed posteriorly through the orbicularis 
muscle until the orbital septum was identi- 
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fied. In the young adult, the orbital septum 
is a fibrous band that is not transparent; it 
can be distinguished from the levator 
aponeurosis because it will not move on 
upward gaze. 

The septum was opened to reveal the 
underlying preaponeurotic fat. The fat was 
retracted until the glistening white mem- 
brane of the levator aponeurosis could be 
seen. 

Blunt dissection was then used to move 
inferiorly until the upper border of the 
tarsus was exposed. The orbicularis muscle 
was retracted so that the amount of levator 
disinsertion, if any, could be seen. The 
levator aponeurosis was then advanced on 
to the upper border of tarsus or epitarsal 
tissue, using a No. 6.0 polypropylene 
suture. 

Since the only anesthetic used was 1 to 2 
ml of lidocaine in the upper lid, the patient 
had complete function of the levator 
muscle. The patient was asked to look up, 
and the amount of advancement was 
adjusted until the ptosis was judged to be 
overcorrected by 1 to 2 mm. This usually 
puts the lid margin at the upper limbus or 
slightly above it in upgaze. Once the lid 
level was reached, three to five sutures 
were used to secure the aponeurosis to the 
tarsus. With this method, the orbicularis 
muscle need not be sutured, and the skin 
can be closed with interrupted or running 
suture. A lid crease was formed by picking 
up aponeurosis fibers with two to three of 
the interrupted sutures used to tie the skin 
together. Antibiotic steroid ointment was 
applied before a patch was placed on the 
eye. Cold compresses can be used postoper- 
atively to decrease the amount of edema. 


COMMENT 


Levator disinsertion is now recog- 
nized as a cause of acquired involu- 


tional ptosis in the elderly. The levator 
aponeurosis is believed to stretch 
away from the upper border of the 
tarsus in a period of years. In postcat- 
aract ptosis, resultant edema may 
precipitate a stretching of the levator 
aponeurosis away from the tarsus in 
an individual predisposed to involu- 
tional ptosis. 

In the younger person, the levator 
aponeurosis is stronger, tougher, and 
has a better attachment to the upper 
border of the tarsus. However, in the 
three people described herein, the 
edema of the eyelids was felt to be 
sufficient to cause the aponeurosis to 
stretch away from the upper border of 
the tarsus. 

The hypothesis that edema caused a 
levator disinsertion was tested by 
surgically exploring the upper eyelids 
of our three, young-adul patients 
with ptosis. A disinsertion was found 
in all of the cases and was repaired in 
the same manner used to repair an 
involutional levator dehiscence. The 
short-term surgical results were excel- 
lent; however, in a period of months, 
the lids dropped slightly in all of these 
patients. A more permanent type of 
suture should be used in a young 
person to get a more permanent cure 
in this type of ptosis. 
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Posterior Keratoconus 


Jay H. Krachmer, MD, Merlyn M. Rodrigues, MD, PhD 


* Posterior keratoconus is a rare cor- 
neal disorder characterized by a total or 
localizednoninflammatory thinning of the 
cornea. In front of a conical protrusion of 
the posterior corneal curvature, there is a 
thinned-stroma and nonprotruding anteri- 
or surface. A corneal button from a patient 
with bilatera! posterior keratoconus was 
studiediby light and electron microscopy. 
Descemet's membrane, particularly in the 
area of stromal thirning, demonstrated 


abnormal anterior banding, a multilaminar 


configuration, and localized posterior ex- 
crescences. These alterations suggest an 
early pathogenetic mechanism, which 
probably originated prior to the fifth or 
sixth month of gestation. 

(Arch Ophthalmol 96:1867-1873, 1978) 


PE kerateconus is a rare 
corneal disorder in which the 
entire cornea or, more commonly, a 
localized area of the cornea becomes 
thinned without any protrusion of the 
anterior surface. Instead, the posteri- 
or surface kas a conical protrusion 
(“keratoconus”) due to a much greater 
curvature. The anterior curvature 
may be astigmatic. but the astigma- 
tism is usually only slightly irregular 
in contrast with the high irregular 
astigmatism produced by the anterior 
conical eorneal protrusion that is seen 
in the more-common form of keratoco- 
nus. 

Whiie there have been many scat- 
tered reports of the clinieal findings 
in posterior keratoconus, there has 
been enly one histopathologic study! 
and ne published ultrastructural docu- 
mentation, to our knowledge. Electron 
microscopy was performed in a case 
presented at the Verhoeff Society 


meeting, Washington, DC, in 1977 by 
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Streeten. We herein record the histo- 
pathologic findings by both light and 
electron microscopy in a case of poste- 
rior keratoconus, and we compare the 
clinieal features of our patient with 
those previously reported. 


REPORT OF A CASE 


A 38-year-old Vietnamese woman was 
referred to the Department of Ophthalmol- 
ogy, University of Iowa, Iowa City, on 
March 2, 1976. She had noted poor vision in 
both eyes, but especially in her left eye, for 
as long as she could remember. There was 
no history of trauma or infection. One 
sister, who was living in France at this 
writing, had poor vision, which was proba- 
bly owing to cataracts. The patient's 
parents, other siblings, and children had no 
ocular problems. Results of ocular exami- 
nations of her daughter and four sons, 
aged 14 to 21 years, were normal. 

The patient had a broad, flat nose 
bridge, consistent with that of her other 





or protrusion (asterisk). 
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Fig 1.—Right cornea. Large zone of slight 
thinning (between arrows) and small area 
of marked thinning, scarring, and posteri- 


relatives and typical of the Vietnamese 
race. There was no evidence of telecanthus, 
a wide neck, short limbs, short stature, 
unusual gait, or of brachydactyly. Her 
uncorrected visual acuity was 6/18 OD and 
6/120 OS. Her best corrected visual acuity 
was 6/15 OD and 6/21 OS with —6.75 sph 
OD and —7.50 sph OS. Refraction with hard 
contact lenses showed no visual improve- 
ment. To explain the refractive discrepan- 
cy, we concluded that she was selecting 
from multiple images. 

Keratometry readings were 39:62 x 
120? by 42:37 x 30? OD, and 42:25 x 180? 
by 43:00 x 90? OS. The mires were mildly, 
but definitely, irregular OD and very irreg- 
ular OS. 

Slit-lamp examination of the corneas 
was quite informative. On the right, 
centered just inferonasal to the visual axis, 
was an area of scarring and thinning. The 
area measured 2.5 mm horizontally and 2.0 
mm vertieally, and was surrounded by a 
superficial iron ring. The anterior corneal 
surface did not protrude over the area. 





Fig 2.—Right eye. Cornea guttata (arrows) 
within scarred area of pesterior keratoco- 
nus. 
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Fig 1.—Left cornea demonstrating in- 
volved, scarred area surrounded by brown 
iron ring. 





Fig 2.—Left cornea. Base of cone shows 
iron in posterior of epithelium (Mallory's 
stain, x 150). 





Fig 5.—Inset shows central corneal thin- 
ning. Endothelium is mostly intact. Desce- 
met's membrane shows occasional para- 
central excrescences (arrow) (toluidine 
blue, x35). Centrally, Descemet's mem- 
brane (DM) appears normal (toluidine 
blue, x 250). 


Fig 6.—Inset shows epithelium five to six 
layers in thickness with irregular basement 
membrane. Bowman's layer is replaced by 
fibroblastic proliferation (PAS, x 150). 
Basal epithelium (E) and basement mem- 
brane (asterisk) display intact junctional 


complexes ( x 10,800). 
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Fig 3.—Left cornea with posterior corneal Fig 4.—Left eye. Lack of anterior corneal 
protrusion, stromal scarring and thinning, 
and lack of anterior corneal protrusion keratoconus. 
(thinnest between arrows). 


protrusion, as opposed to common form of 
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Fig 7.—nset shows scattered guttata (arrows) in Descemet's membrane with adjacent attenuated 

z endothelial cells (toluidine blue, x 250). Electron micrograph of guttate excrescence shows areas of 
widely spaced (100 nm) collagen (arrow) and 50-nm banding (circle) with interspersed basement 
membrane-like material ( x 18,000). 
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However, there was a conical protrusion of 
the posterior corneal curvature (Fig 1), and 
the thinnest portion was approximately 
half normal thickness. Irregular scarring 
was not necessarily related to the areas of 
greater or lesser thinning. Variably sized 
cornea guttata were present, particularly 
in the right eye (Fig 2). These lesions were 
scattered within the scarred and thinned 
area and were neither in a ring nor promi- 
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nent outside this area. 

The left cornea exhibited an exagger- 
ated form of the pathologic condition on 
the right. The scarred and thinned zone 
was located inferotemporal to the visual 
axis and measured 4.0 mm horizontally and 
3.0 mm vertically (Color Fig 1). The area 
was surrounded by an iron ring and was a 
third of the normal corneal thickness in the 
most thinned area (Fig 3). Again, the 
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Fig 8.—Electron micrograph demonstrates multilaminar corfigu- 
ration of Descemet’s membrane. Stroma is indicated (S). Anteri- 
orly, only occasional areas of widely spaced (100 mm) collagen 
are present (box). Layer (A) is separated by collagen (asterisk) 
and basement membrane material from wider zone (8). Endothe- 
lial cells (E) appear degenerated ( x 9,716). 


protrusion was in the posterior plane Fig 3 
and 4). 

There were no iris or anterior-chember 
angle abnormalities in either 2ye, nor were 
there deformities or cataractoüs changes 
of the lenses. Intraocular pressures were 
normal. The optic nerve head was moder- 
ately hypoplastic on both sides. There was 
no choroidal or retinal sclerosis. 

The clinical diagnosis” was * bilateral 


y 


Fig 9.—Electron micrograph showin 
(arrows) in anterior portion of Des 


posterior kerateconus. Even though the 
prognosis was guarded because of possible 
amblyopia, a 7.£-mm penetrating kerato- 
plasty was-perfermed on Sept 13, 1976, in 
~ the patient's lef eye. 

The operation and poscoperative period 
were unremarkaole, and the corneal trans- 
plant was clear. "he patient had 2 diopters 
of corneal astigmatism, which was very 
mildly irregular. Her bes: corrected visual 
acuity was 6/15. Ve eoncluded that her left 
eye was amblyopic. The role of optic nerve 
hypoplasia in -educing her vision is 
unknown. 


MATERIALS AND METHODS 


The cornea! bucton that was removed at 
penetrating kerg-oplasty measured 8 mm 
in diameter apnd ‘was bisected. Half was 
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fixed in 4% formaldehyde solution, embed- 
ded in paraffin, and stained with hematox- 
ylin-eosin, PAS, and the Mallory iron stain. 
The other half of the button was fixed in 
3% buffered gluteraldehyde, postfixed in 
1% osmium tetroxide, dehydrated in alco- 
hols, and embedded in epoxy resin. Thick 
(1 u) sections were stained with toluidine 
blue. Thin sections were stained with 
uranyl acetate and lead citrate, and exam- 
ined with an electron microscope. 


HISTOPATHOLOGY 
Light Microscopy 


Light microscopy revealed a 
markedly thinned central zone (Fig 5, 
inset) in the posterior cornea. The 
zone was covered by irregular epithe- 
lium that varied from two to five 


g randomly arranged, widely spaced collagen 
cemet's membrane ( x 22,926). 


layers in thickness. Bowman’s layer 
was replaced by fibroblastic prolifer- 
ation, and the epithelial basement 
membrane was partly absent (Fig 6, 
inset). Special stains for iron were 
positive (Color Fig 2) and revealed 
granular epithelial accumulation para- 
centrally. 

The central stroma measured half 
the thickness of the periphery and 
disclosed an irregular arrangement of 
collagen. There was no evidence of 
vascularization or inflammation. Des- 
cemet’s membrane measured 12 y in 
thickness, appeared unremarkable 
centrally (Fig 5), and displayed occa- 
sional excrescences paracentrally (Fig 
7, inset) and peripherally. There was 
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no evidence of breaks in Descemet’s 
membrane or of large hyalinized 
bodies. The endothelium was intact 
and displayed cytoplasmic vacuolation 
and attenuation adjacent to the gut- 
tata. 


Electron Microscopy 


Electron microscopy revealed gen- 
erally intact attachment zones be- 
tween the basal epithelium and the 
epithelial basement membrane, with 
hemidesmosomes in most areas (Fig 
6). The basal epithelial cells displayed 
the usual organelles, prominent mito- 
chondria, and glycogen. Bowman's 
layer was replaced by a random disar- 
ray of collagen and scattered cells that 
appeared to be fibroblasts. Some stro- 
mal keratocytes demonstrated cyto- 
plasmie vacuolation. The most strik- 
ing changes were present at the level 
of Descemet's membrane, which dis- 
played a multilaminar configuration 
(Fig 8). Centrally and peripherally the 
membrane showed scattered areas of 
widely spaced (100 to 110 nm) collagen 
interspersed (with 50-nm spaces) 
banded material and a basement 
membrane-like substance, separated 
by collagen from a deeper zone of 
similar material with focal, abnormal, 
posterior, widely spaced (100 to 110 
nm) collagen. 

In the anterior portion of Desce- 
met's membrane, only focal areas of 
randomly distributed and widely 
spaced (100 nm) collagen were present 
(Fig 9). The endothelial cells exhibited 
nuclear pyknosis and degeneration of 
cytoplasmic organelles. Similar 
changes involving Descemet’s mem- 
brane and endothelium were present 
at the periphery of the specimen. The 
guttata (Fig 7) displayed areas of 
prominent, widely spaced collagen, a 
basement membrane-like substance, 
and banded material. 


COMMENT 
True vs Posterior Keratoconus 


The corneal condition simply re- 
ferred to as keratoconus is familiar to 
all ophthalmologists. It is usually 
bilateral, with an onset in the second 
decade although it can be inherited.’ 
Keratoconus is characterized by a 
conical area of thinning that pro- 
trudes from the anterior surface. In 
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moderate to advanced cases, keratoco- 
nus results in high, irregular astigma- 
tism, which requires a contact lens or 
even corneal surgery for correction. 
The conical portion may be sur- 
rounded by a ring of iron and may 
contain areas of scarring or Desce- 
met’s folds. 

Posterior keratoconus, a much more 
unusual condition, is similar to true 
keratoconus only because part of the 
cornea has a conical shape. The poste- 
rior corneal curvature is either dif- 
fusely or focally much steeper than 
normal. The anterior curvature in the 
corresponding area is consistent with 
the adjacent cornea (Fig 3 and 4). The 
zone of posterior steepening is the 
result of decreased stromal tissue. The 
entire cornea (keratoconus posticus 
totalis} or a localized portion (kerato- 
conus posticus circumscriptus) is 
therefore thinned. The latter is usual- 
ly scarred throughout most of the 
involved stroma (Color Fig 1). 

Posterior keratoconus is either uni- 
lateral or bilateral, is usually congen- 
ital, and is mostly nonfamilial. How- 
ever, traumatic cases have been 
reported? The condition has been 
described in a parent and sibling in 
three families*’ and in a brother and 
sister in another family.* 


Associated Abnormalities 


No systemic abnormality has been 
noted, except in the cases of the broth- 
er and sister described by Haney and 
Falls and the 16-year-old girl re- 
ported by Streeten to the Verhoeff 
Society in 1977. These three patients 
all had hyperteleorism, a fiat nose, a 
webbed neck, short stature, and an 
abnormal gait, in addition to localized 
posterior keratoconus. 

A variety of ocular abnormalities 
have been observed in association 
with posterior keratoconus. The one 
most frequently mentioned is choroid- 
al and/or retinal sclerosis.”*' Lens 
pathology''* (also discussed by 
Streeten in her presentation to the 
Verhoeff Society) is partieularly in- 
teresting because it has been used as 
an argument in favor of the hypothe- 
sis that posterior keratoconus devel- 
ops owing to a failure of separation of 
the lens from the surface ecto- 
derm.'" 


In 1897, von Hippel described a case 
of bilateral hydrophthalm a, iricocy- 
clitis, interstitial keratitis, and a 
posterior corneal defect wi:h localized 
absence of endothelium and Desce- 
mets membrane. Pathologic speci- 
mens were obtained because the 
infant died at 3 months af age. Von 
Hippel concluded that there was 
intrauterine inflammation and de- 
scribed the corneal defect as an inter- 
nal ulcer. Clearly, the internal ulcer of 
von Hippel should be differentiated 
from the noninflammatcry corneal 
thinning disorder of posterior kerato- 
conus. 


Clinical Appearance 


The clinical appearance of our case 
is not unlike that of circumscribed 
posterior keratoconus previously re- 
ported. The thinning witheut anterior 
protrusion but with stromal] scarring 
and posterior protrusion is now recog- 
nized as classic posterior keratoconus. 
An iron ring (Color Fig 1 and 2) 
surrounding the involvec area was 
also noted by Grayson in a patient 
with posterior keratoconus who also 
had posterior polymorphous dystro- 
phy with iris adhesions.'* The variably 
sized corneal excrescences noted by 
slit-lamp examination (F:g 2) in our 
patient’s right eye were confirmed by 
histologic examination of the corneal 
button in the left eye. Taese lesions 
have consistently been noted in poste- 
rior keratoconus' (and mentioned by 
Streeten, presentation o Verhoeff 
Society) and probably result from 
endothelial stress. The ack of sys- 
temic findings in our patient con- 
forms with the majority cf previously 
reported cases. 


Pathogenesis 


Three theories have been proposed 
to explain the pathogenes s of congen- 
ital posterior keratoconus. The first 
was by Mann while discussing the 
first reported case of posterior kerato- 
conus by Butler in 1930." She 
suggested an arrest of fetal develop- 
ment with resulting persistance of 
embryonal characteristics.” Subse- 
quently, Greene in 1945 assumed that 
posterior keratoconus was the result 
of delayed separation of the lens from 
the cornea." Jacobs, in “4957, postu- 


Posterior Keratoconus—Krachmer & Rodrigues 


lated that Descemets membrane and/ 
or the corneal endothelium might be 
abnormal with resulting thinning and 
scarring of the overlying stroma.* 
Congenital posterior keratoconus (in 
distinction to the traumatic form) 
probably belongs wEhin the spectrum 
of anterior chamber cleavage abnor- 
malities. This concept is supported by 
the fact that posteror keratoconus is 
frequently accompanied by other con- 
genital anterior chamber abnormali- 
ties, such as Rieger's anomaly." 


Light and Electren Microscopy 


The light microscepic study of Wolt- 
er and Haney demonstrated thinning 
and breaks of Descemet’s membrane 
with overlying deposits of hyaline 
substance and accumulations of endo- 
thelial cells.’ Streeten noted guttate 
excrescences in a ring at the margin 
of the thinned cornea, and electron 
microscopy demonstrated abnormal 
banding of Descemet’s membrane. 
This was felt to represent a fibroblast- 
like activity of the endothelium. Our 
patient had excrescences of Desce- 
met’s membrane thet were less notice- 
able than those in the two other 
reports. 

Localized postericr keratoconus is a 
rare entity that has not been well 
documented histologically. We are, to 
our knewledge, herein presenting the 
first reported electron microscopic 
study of this condition. 

In our patient, the basal epithelium 
and basement membrane showed fo- 
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cal disorganization. Bowman’s layer 
was absent and the stroma was nota- 
bly thinned centrally. The thinned 
stroma probably was the result of a 
failure of complete, normal develop- 
ment. The pathogenesis is uncertain 
but might be related to the abnormal 
endothelial and Descemet’s layers. 
Although Descemet’s membrane ap- 
peared normal centrally by light 
microscopy, electron microscopy dem- 
onstrated a multilaminar appearance, 
with areas of abnormal, widely spaced 
collagen. The latter has been noted in 
a variety of congenital corneal dis- 
eases, including congenital corneal 
endothelial dystrophy, congenital her- 
editary posterior polymorphous dys- 
trophy,^ and interstitial keratitis.” 
However, in these conditions, normal 
anterior banding of Descemet’s mem- 
brane is usually present, suggesting 
that the insult probably occurred after 
six to eight months of gestation. 
(Anterior banding of Descemet’s 
membrane usually begins at about six 
months and is complete at eight 
months of gestation.?') 

In posterior keratoconus, the endo- 
thelial cell damage probably occurred 
very early in gestation, prior to the 
fifth or sixth month, since the anteri- 
or portion of the Descemet's mem- 
brane exhibited only focal, widely 
spaced collagen and lacked the normal 
banded appearance. Diseased endo- 
thelial cells then produced collagen 
and basement membrane-like materi- 
al with occasional areas of widely 
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spaced collagen posteriorly. The ab- 
normal Descemet’s membrane and 
endothelium were present throughout 
the specimen, including on the periph- 
ery. Previous reports demonstrated 
either an absence?*^ or notable thin- 
ning™ of Descemet's membrane and 
corneal endothelium ir the scarred 
area in Peter's anomaly. However, it 
is probable that corneal endothelial 
cells near the limbus, not included in 
the keratoplasty specimen, could have 
more normal characteristics. We could 
then postulate that the peripheral 
endothelium had migrated to a normal 
fashion, but either failed to migrate 
centrally or to differentiate normally. 
The peripheral endothekum therefore 
produced an abnormal basal lamina 
that was probably a redection of the 
endothelial insult. We do not know 
why the endothelial cells did not 
demonstrate fibrous metaplasia, 
which can be seen in other disorders of 
the endothelium anc  Descemet's 
membrane.” 

The presence of excrescences in the 
form of focal guttata-like lesions 
within the area of thinming substan- 
tiates the theory that the endothelium 
was diseased as in Fuchs’ dystrophy.” 
Thus, we feel that electron microscopy 
demonstrated not only early stress 
(abnormal anterior banding) but also 
evidence of later damage (guttate 
changes). 
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Osseous Choristoma of the Choroid 


Simulating a Choroidal Melanoma 


Association With a Positive ?P Test 


A. Thomas Williams, MD; Ramon L. Font, MD; 
Henry J. L. Van Dyk, MD; F. Tempel Riekhof, MD 


* We report the clinical and histopatho- 
logic features of an osseous choristoma 
of the choroid that appeared in a 26- 
year-old woman. Her diagnostic evalua- 
tion included a radioactive phosphorus 
(*P) uptake test, which was 27096 positive 
and led us to believe that the lesion was 
an atypical malignant melanoma. The 
extent of true ossification within this 
tumor, seen microscopically, explains the 
false-positive uptake of radioactive phos- 
phorus by this benign tumor; it is well 
known that bone avidly accumulates 
radioactive phosphorus. We recommend 
that all "atypical choroidal melanomas" 
be studied for the presence of bone, with 
bone-free roentgenograms, ultrasonogra- 
phy, and possibly, computerized tomo- 
graphic scans before ^P testing or 
enucleation. This, to our knowledge, is 
the second histopathologically proved 
case of an osseous choristoma of the 
choroid to be reported in the literature. 

(Arch Ophthalmol 96:1874-1877, 1978) 
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he diagnosis of choroidal mass 

lesions continues to be a difficult 
clinical problem. Several authors have 
reported that eyes enucleated with the 
clinical diagnosis of a choroidal mela- 
noma contained a nonmalignant le- 
sion 20% of the time.' The use of 
indirect ophthalmoscopy, fundus pho- 
tography, fluorescein angiography, ul- 
trasonography, and the refined radio- 
active phosphorus (**P) uptake test 
has improved diagnostic precision.’ 
However, the following case report 
illustrates that some unusual, nonma- 
lignant lesions may simulate a choroi- 
dal melanoma in many respects, 
including a positive *P uptake test. 


REPORT OF A CASE 


A 26-year-old woman first visited us in 
December 1973 with a four-week history of 
a "blind spot" in the temporal field of her 
left eye. Other than slow enlargement of 
this scotoma, the patient was free of ocular 
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or neurologic symptoms and enjoyed good 
health. The results of an ophthalmie exam- 
ination, done in 1972, were said to be 
normal, and the fundus had been examined 
through a dilated pupil. 

The uncorrected visual acuity was 20/20 
OU, and the intraocular pressures were 16 
mm Hg OU. The right eye was free of any 
pathologie condition. The only abnormality 
in the left eye was a fundus lesion. Abut- 
ting the nasal half of the left disc, a 
chorioretinal mass extended five disc- 
diameters into the nasal quadrants. The 
central portion was more elevated, yellow- 
ish, and speckled with brownish-black 
pigment. The peripheral portion was flat- 
ter, more orange-yellow, and did not show 
pigment speckling. The margin of the mass 
was very well defined but irregular. A 
small serous retinal detachment covered 
the lesion and extended above and below 
the mass (Fig 1). 

Fluorescein angiography showed early, 
mottled fluorescence and transmission 
defects over the lesion. In the latter stages, 
a mottled fluorescence of the mass and 
leakage into the subretinal space occurred. 
No early arterial blush, consistent with 
choroidal hemangioma, was present 
(Fig 2). i 

The results of routine physicał examina- 
tion and laboratory tests were normal. No 
facial angioma was present. The results of 
special diagnostic tests, including liver and 
lymph node biopsies, extensive radiologic 


. studies, and a lymphangiogfam revealed 


L3 


no abnormalities. Skull films showed no 
abnorma! orbital calcification. These films 
were reviewed in 1978, and again, no calci- 
fication was seen, but the films were 
slightly ever-exposed. 

A *P uptake test was performed with 
the patient under general anesthesia. A 
wide conjunctival incision and detachment 
of the medial rectus muscle gave full expo- 
sure of the sclera nasally. With indirect 
ophthalmoscopy and seleral depression, as 
well as transillumination, the overlying 
scleral margins of the choroidal lesion were 
marked with diathermy. During scleral 
depression, the lesion appeared to be rigid 





Fig 1.—Large, elevated juxtapapillary choroi- 


and to move en bloc like a plate. Multiple 
counts were taken using a 5-mm probe 
placed over the lesion under direct visual- 
ization. Control counts were taken in oppo- 
site quadrants. The lesion was calculated to 
have radioactive phosphorus uptake of 
270% of the control values (upper limits of 
normal, 70% to 100%). The eye was 
enucleated and submitted to the Armed 
Forces Institute of Pathology, Washing- 
ton, DC, for histopathologic examination. 


HISTOPATHOLOGIC FINDINGS 


The anterior segment of the eye 
was unremarkable. The mass located 


lesion has prominent central yellow 


mound. Pathologic study indicated lesion was 
osseous choristoma of choroid. Arrows point 
to edges of serous retinal detachment. 





in the juxtapapillary choroid, nasally, 
was composed of dense, bony trabecu- 
lae, many of which appeared to be 
connected to each other (Fig 3). 
Between the bony trabecula there 
were large, blood-filled cavernous vas- 
cular spaces (Fig 4) as well as small 
capillary-type blood vesseis. These 
vascular structures were lined by one 
single layer of flat endothelial cells. 
The bony trabeculae eontained nu- 
merous osteocytes as well as promi- 
nent cement lines. Occasional osteo- 
clasts were observed along the surface 
of some of the bony trabeculae. Osteo- 
blastic rimming was prominent in 
some areas, particularly on the bony 
trabeculae located adjacent to the 
choriocapiliaris (Fig 5, cop). 

The pigment epithelium appeared 
focally depigmented and flat in some 
areas, while in other areas, clumps of 
pigment granules were observed with- 
in melanophages along Bruch's mem- 
brane as well as attached to the outer 
retinal layers. The chor?ocapillaris was 
notably narrowed and obliterated in 
most areas (Fig 5, bottom). In focal 
areas the choriocapillaris was patent, 
and the lumina of the vessels were 
readily visible. 

There was considerable preponder- 
ance of the bony structures compared 
with the loose fibrovascular connec- 
tive tissue elements within the mass. 
The marrow spaces contained young 
mesenchymal cells, which exhibited 
prominent foamy vacuolated cyto- 
plasm, and scattered mast cells. The 
edge of the tumor encroached slightly 
on the edge of the optic disc, nasally. 
The peripheral edge of the mass was 
well circumscribed and was located 
near the site of entry of the long 





Fig 2.—Left, Fluorescein angiogram shows early irregular hyperfluorescence through defects in retinal pigment epithelium. 
Late venous stage (center) and very late stage (right) show same hyperfluorescence plus mottling due to combination of 
blocked transmission by pigment clumps in tumor, and probable slow leakage of dye into tumor tissue itself. 
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Fig 3.—Top, Juxtapapillary intrachoroidal mass encroaching on 
edge of optic disc nasally and containing numerous body trabec- 
ulae (AFIP neg 76-9838; hematoxylin-eosin, x 10). Bottom, High- 
power view of top figure showing interconnecting bony trabecu- 
lae and occasional large, blood-filled vascular spaces (AFIP neg 
76-9844; hematoxylin-eosin, x 60). 
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Fig 4.—One bony trabecula disclosing osteoblastic rimming 
(arrow) with formation of new osteoid on its surface. Intertrabec- 
ular narrow spaces show several endothelial-lined vascular chan- 
nels and loose, vacuolated stroma (AFIP neg 76-9849; hematox- 
ylin-eosin, x 130). 








Fig 5.—Top, Inner surface of choroidal mass displaying focally Fig 6.—Small flat serous detachment of retina is present overlying 
patent choriocapillaris. Osteoblastic rimming (arrows) is present choroidal mass. There is focal degeneration of outer segments of 
along bony trabeculae. Retinal pigment epithelium is focally photoreceptors (AFIP neg 76-9850; hematoxylin-eosin, x 70). 
depigmented and degenerated. Bottom, Choriocapillaris has e 

been totally obliterated (AFIP neg 76-9846; hematoxylin-eosin, 

x 195). 
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posterior cilary vessels and nerves 
into the chcroid. The intrachoroidal 
mass displaced most of the choroidal 
melanocytes toward the plane of the 
chorioeapilla. is as well as to the adja- 
cent inner sderal lamellae. 

The retinal archisecture overlying 
the mass showed a sight reduction of 
nuclei ef pLotoreceptors with focal 
degeneration of outer segments and 
melanophages cling:ng to the outer 
retinal layers. A localized retinal 
detachment with stbretinal exudate 
was present over tke choroidal mass 
(Fig 6). 


COMMENT 
Differential Diagnosis 


This case provides an example of a 
false-positiv= result for the *P uptake 
test due to an osseeus choristoma of 
the choroid. Clinically, the principal 
differential eiagnosss of this choroidal 
tumor ineluoes: (1) solitary hemangio- 
ma, (2) metastatic carcinoma, and (3) 
amelanotic ar atypical malignant mel- 
anoma. | 

Histapathological y, the main lesion 
to consider in differential diagnosis is 
a hemangiama of the choroid with 
secondary »ssificaton. In a recent 
study, focal ossification overlying soli- 
tary choroical hemangiomas was ob- 
served in nine of 45 tumors? The 
authors of this stady felt that the 
degree of »ssifieaton correlated, to 
some extert, with duration of the 
disease. In ong-standing lesions, the 
inner surface of -he angioma was 
covered by a thick plaque of bone. 
Importantly, carefal microscopic ex- 
amination Aways revealed that prolif- 
erated or -ransformed retinal pig- 
ment epithelium was intimately at- 
tached to che surface of the bony 
trabeculae »n the inner surface of the 
choroidal mass. Ossification was never 
observed w thin the choroidal heman- 
gioma.’ We believe the intrachoroidal 
mass in thepresent case represents an 
osseous choristomaof the choroid ("os- 
teoma”), and not æ hemangioma with 
ossification In our case, there were 
relatively minor ckanges in the over- 
lying pigment epitaelium. No areas of 
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fibrous transformation or ossified 
plaques were observed on the surface 
of the choroidal mass. The lesion, 
which exhibited a preponderance of 
bony trabeculae, and only occasional 
dilated blood-filled cavernous spaces, 
was confined entirely to the choroid. 

Reese* stated that ossification is 
often found in hemangiomas and that 
such lesions may be mistaken for 
primary osteomas of the choroid. As 
indicated, this has not been our expe- 
rience. The case being presented is 
quite similar to that illustrated in 
Reese's book. Judging from the 
photomicrographs in Reese’s book, the 
mass was predominantly within the 
choroid and displayed a rather promi- 
nent fatty marrow between the bony 
trabeculae. One of us (R.L.F.) has 
reviewed sections of Reese’s case, 
which have been accessioned in the 
Registry of Ophthalmic Pathology, 
and believes it shares many histopath- 
ologic features with our own case. 
Thus, if our interpretation of Reese’s 
case’ is correct, it would be, to our 
knowledge, the first histopathologi- 
cally-proved case of an osseous choris- 
toma of the choroid, and the present 
case would be the second. 


Clinical Differentiation 


Clinically, to tell these lesions apart 
is not always possible, because of their 
overlapping and variable ophthalmo- 
scopic appearance. Therefore, in re- 
cent years, ancillary diagnostic tests 
have been used to increase diagnostic 
accuracy. The **P test usually enables 
one to differentiate between malig- 
nant and benign lesions with great 
precision. If the test is properly and 
accurately performed, false-positive 
tests are rare." One may then wonder 
why, in our case, a benign tumor 
yielded a false-positive *P uptake 
test. The large quantity of true bone 
within this lesion offers the explana- 
tion, since bone avidly accumulates 
radioactive phosphorus. In retrospect, 
the en bloc movement of the central 
mound of this lesion with scleral 
depression was a clue to the presence 
of a plaque of calcium or bone within 


it. Osseous choristoma of the choroid 
must be an uncommon tumor. Nev- 
ertheless, as the present case illus- 
trates, the lesion can be mistaken for 
an atypical choroidal melanoma. 
Therefore, we reeommend that bone- 
free roentgenograms and ultrasonog- 
raphy be performed on all atypical 
choroidal melanomas during the ini- 
tial diagnostic evaluation, or certain- 
ly, before *P testing or enucleation. 
Theoretically, computerized tomogra- 
phy (CT scanning) of the orbit with 
thin sections should be equally valu- 
able in the detection of bone; CT scans 
with thin sections of eyes containing 
retinoblastomas have reliably demon- 
strated the presence of calcium within 
these tumors.^ The demonstration of 
bone within a choroidal tumor of this 
sort should suggest the diagnosis of 
osseous choristoma, a benign lesion 
for which *P testing er enucleation 
are not indicated. 

Since the submission of this paper, a 
report has appeared summarizing our 
ease and describing three additional 
cases of choroidal osteoma.^ A fifth 
case report appears in this issue of the 
ARCHIVES (p 1809). All of these lesions 
have occurred in otherwise healthy 
young women. The oldest patient thus 
far known to us is our own patient. 


Homer Smith, MD, referred the patient to us, 
and Mr Julian Maack, of the Medical Illustration 
Service, assisted with the photographs. 


References 


1. Shields JA, McDonald PR: Improvements in 
the diagnosis of posterior uveal melanomas. Arch 
Ophthalmol 91:259-264, 1974. 

2. Shields JA, Hagler WS, Frederman JL, et al: 
The significance of the P** uptake test in the 
diagnosis of posterior uveal melanomas. Trans 
Am Acad Ophthalmol Otolaryngol 70:297, 1975. 

3. Witschel H, Font RL: Hemangioma of the 
choroid: A clinicopathologic study of 71 cases and 
a review of the literature. Surv Ophthalmol 
20:415-431, 1976. 

4, Reese AB: Tumors of the Eye, ed 2. New 
York, Harper & Row Publishers Ine, 1963, 
p 394. 

5. Hilal SK, Troke! SL: Computerized tomogra- 
phy of the orbit using thin sections. Semin 
Roentgenol 12:137-147, 1977. 

6. Gass JDM, Guerry RK, Jack RL, et al: 
Choroidal osteoma. Arch Ophthalmol 96:428-435, 
1978. 


Choristoma Simulating Melanoma—Williams et al 1877 


Histopathology of Cornea and Iris 


in Chandler’s Syndrome 


è Corneal and iris tissue were exam- 
ined from a 72-year-old woman with 
Chandler's syndrome. Light and electron 
microscopy showed posterior, corneal, 
collagenous-layer production by meta- 
plastic corneal endothelium. In areas of 
iridocorneal contact, there were several 
layers of metaplastic endothelial cells that 
covered iris stroma and melanocytes, 
which were directly subjacent to Desce- 
met's membrane. Cells similar to the 
metaplastic endothelium covered the an- 
terior surface of the iris specimen. Similar 
corneal endothelial metaplasia has been 
described in posterior polymorphous cor- 
neal dystrophy. Presumptive growth of 
corneal endothelium on the anterior iris 
surface has been observed in typical 
essential iris atrophy and in Cogan-Reese 
syndrome, both of which share several 
features with Chandler's syndrome. Prolif- 
eration of endothelium over the anterior 
chamber angle and the iris may play a role 
in glaucoma and in the iris abnormalities 
that occur in these disorders. 

(Arch Ophthalmol 96:1878-1882, 1978) 


|i m iris atrophy, Chandler's 
syndrome, and  Cogan-Reese 
syndrome represent a variety of clini- 
cal appearances that share several 
important features including: (1) 
broad peripheral anterior synechiae 
attached quite anteriorly on the 
cornea; (2) abnormalities of the iris 
stroma; and (3) elevated intraocular 
pressure (IOP). The three syndromes 
vary in that one further feature is 
strikingly evident in each group. In 
essential atrophy, the prominent fea- 
ture is iris hole formation.’ In Chand- 


Accepted for publication Jan 10, 1978.. 

From the Wilmer Institute, Johns Hopkins 
Hospital, Baltimore (Dr Quigley), and the 
William L. McKnight Vision Research Center, 
Bascom Palmer Eye Institute, Department of 
Ophthalmology, University of Miami School of 
Medicine (Dr Forster). 

Reprint requests to Glaucoma Service, the 
Wilmer Institute, Johns Hopkins Hospital, Balti- 
more, MD 21205 (Dr Quigley). 


1878 Arch Ophthalmol—Vol 96, Oct 1978 


Harry A. Quigley, MD, Richard F. Forster, MD 


ler’s syndrome, the striking feature is 
corneal endothelial dystrophy and 
edema. In Cogan-Reese syndrome, 
multiple iris nevi are evident. Howev- 
er, patients with Cogan-Reese syn- 
drome also have corneal edema, albeit 
with elevated IOP. Shields and co- 
workers* have pointed out that iris 
nevi may be seen in any of the three 
forms of this process. These authors 
suggested that each of the three 
subgroups share a common pathogen- 
esis. While many patients with irido- 
corneal degenerations are affected 
unilaterally, bilateral cases are seen. 

In essential atrophy** and in some 
cases of Cogan-Reese syndrome, 
there is ectopic corneal endothelium 
on the iris surface. We examined a 
eorneal trephine specimen and iris 
tissue from a patient with Chandler's 
syndrome. The presence of ectopic, 
metaplastie, corneal endothelium on 
the anterior iris surface suggests a 
further similarity between this group 
and the other two forms of iridocor- 
neal degeneration. 


REPORT OF A CASE 


A 72-year-old woman previously had a 
normal ocular examination in 1947 and had 
no family history of eye disease. In 1957, at 
age 52, iridocorneal adhesions developed 
temporally in the right eye, extending 1 
mm anterior to the visible limbus, with 
some edema of the right cornea. There was 
no iris àtrophy or hole formation. The left 
iris was normal. Gonioscopy showed open 
angles in both eyes, except in the area of 
synechia, OD. Applanation tensions were 
22 mm Hg, OU. The patient was seen in 
consultation by Paul A. Chandler, MD (per- 
sonal communication, June 1957), who felt 
that this patient was similar to those he 
had reported.’ 

In 1961, when the patient was 56 years 
old, an unsuccessful lysis of iridocorneal 
synechiae was attempted, OD. The visual 
acuity was 6/7.5, OU, but during the next 
11 years, the corneal edema progressed and 


uncontrolled IOP required a filtering scle- 
rectomy, OS, in 1972. 

The patient was first seen at the Bascom 
Palmer Eye Institute, Miami, in 1972 at 
age 67 years. Visual acuity was 6/24, OD, 
and 6/18, OS, and the IOPs were 38 mm 
Hg, OD, and 19 mm Hg, OS, using pilocar- 
pine hydrochloride and acetazolamide. Slit- 
lamp examination showed bilateral, mild 
corneal edema, multiple areas of iricocor- 
neal adhesion temporally, OD, iris stromal 
atrophy, OD (Fig 1), and temporal ec-ropi- 
on uveae of the right pupil. There were no 
iris adhesions, OS. With gonioscopy, both 
angles were 50% closed by peripheral ante- 
rior synechiae. The optic discs appeared to 
show glaucomatous cupping, and visual 
fields suggested superior field loss in both 
eyes. 

In 1973, the IOP rose to 40 mm Hg, OD, 
and a successful trabeculectomy was per- 
formed. The iridocorneal adhesions pro- 
gressed, OD, and, for the first time, a patch 
of atrophic iris stroma that was 2 mm in 
diameter was seen, OS. 

In 1975, ectropion uveae and an infero- 
nasal iridocorneal adhesion had developed, 
OS. A cellophane-like sheen was also noted 
on the left iris surface. Due to cataract, 
acuity had fallen to 6/120, OD, and aand 
motions at 61 cm (2 ft), OS. An optical 
iridectomy and then an extracapsular lens 





Fig 1.—Patient's right anterior segment in 
1977, illustrating superior and temporal 
corneal opacity in areas of iridocorneal 
adhesion, and area of iris stromal atrophy 
at 5-o'clock position (arrow). 


Chandler's Syndrome—Quigley & Forster 


k 


LS hee 


AS 
Codie a cane 


>. UIS x 





Fig 2.—Corneal =ndothelium (E) with fibrous tissue (stars) separating 
endothelium from Descemets membrane (D). Basement membrane 
praduction has oecurred (arrows); anterior chamber (AC) ( x 12,000). Inset, 
Subendothelial fibrous tissue with collagen fibrils (1), 10-nm filaments (2), 
100-nm banded material (3), and Descemet's membrane (D) ( x 37,000). 


extraction were performed, OS, in 1976. 
The IOP rose to 30 mm Eg, OS, requiring a 
revision of the filtering operation, OS. A 
penetrating keratoplasty was performed 
with iridectomy, OS, i- December 1976. 
The specimens taken at this time were 
studied histologically ard are described in 
this communication. At the last visit, 
March 19, the visual acuity was 6/21, OS, 
with IOPs of 16 mm He, OU, on no anti- 
glaucoma medication. 

In summary, progressive iridocorneal 
adhesions, ectropion uveae, corneal dystro- 
phy and edema, and elevated IOPs devel- 
oped in this Woman duriag middle age. The 
right eye was affected frst, but both eyes 
were eventually involvee, requiring glauco- 
ma filtermg surgery, JU, and cataract 
extraction and -penetrazing keratoplasty, 
OS. tk 
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Histological Findings 
Cornea 


The basal corneal epithelial cells 
were mildly edematous, though there 
were no large bullae present. In some 
areas, the Bowman’s membrane was 
replaced by a fibrovascular pannus. 
The stroma had mild separation of 
collagen lamellae, consistent with ex- 
tracellular edema. The keratocytes 
were normal. The Descemet’s mem- 
brane was of relatively uniform thick- 
ness, varying from 8 to 10 u, with no 
guttata. The anterior banded and 
posterior nonbanded portions were 
normal in appearance with the elec- 
tron mieroscope. However, between 
the endothelial cells and Descemet's 
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sisting of four elements (Fig 2). These 
elements were: (1) 20 to 30 nm colla- 
gen fibrils; (2) 10-nm fiaments; (3) 
100-nm banded materia similar to 
that in the anterior portion of Desce- 
met's membrane; and (4) basement 
membrane. In some areas, the fibrous 
material consisted only of a few 10-nm 
filaments, while in areas of iridocor- 
neal contact, the material was thicker 
than the Descemet's membrane and 
contained iris clump cells These cells 
are normally found in iris stroma and 
they have large membrane-limited 
vacuoles that contain melanin gran- 
ules of various sizes (Fig 3). 

The corneal endothelium was abnor- 
mal both in organization and in ultra- | 
structural cellular detail. In some 
areas, most prominently at iridocor- 
neal adhesions, there were up to four 
layers of endothelial cells (Fig 2 and 
3). Elsewhere, there was only a thin, 
single layer, with gaps of incomplete 
coverage of Descemet's membrane. 
The endothelial cells aad several 
abnormalities. Typical intercellular 
junctions on the anterior chamber side 
were lacking in many cells. There 
were frequent desmosome junctions 
between the cells, which are not 
normally present (Fig 4). The cells 
contained bundles of intracytoplasmic 
filaments (Fig 4), and many cells had 
pigment granules within membrane- 
limited vacuoles. Finally, there was 
more than the usual number of micro- 
villous processes on the arterior cham- 
ber surface of the plasma membrane. 


Iris 


The iris stroma and the two 
pigment epithelial layers were normal 
in appearance by light and electron 
microscopy. All blood wessels had 
patent lumens and normal lining cells 
(Fig 5). The anterior border of the iris 
was covered throughout much of the 
specimen by 1 to 4 layers of cells, 
which resembled the metaplastic cor- 
neal endothelium (Fig 5). Like the 
posterior corneal cells, they had fre- 
quent desmosomal junctions, exten- 
sive intracellular filaments, occasional 
apical zonulze occludens, microvillous 
projections on the anterior chamber 
surface, and intracellular pigment 
granules (Fig 5 and 6). In addition, 
occasional cilia were seen in these 
cells. Between the cells and the iris 
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stroma there was basement mem- 
brane material and extracellular 10- 
nm filaments (Fig 6). There were no 
100-nm banded structures such as 
were present in the normal Desce- 
met’s membrane and in the abnormal 
posterior corneal collagenous layer. 
This tissue showed a weakly positive 
reaction in the area between the cells 
and the iris stroma on PAS staining. 


COMMENT 
Metaplasia and Metaplastic Cells 


Metaplasia of cornea endothelium 
and production of an abnormal poste- 
rior corneal collagenous layer, as seen 
in our patient, have been observed in a 
variety of degenerative and dystro- 
phic corneal disorders. Similar cellu- 
lar changes also can be produced 
experimentally in rabbits with alkali 
burns, graft rejection, freezing, and 
uveitis.^ Thus, the histopathologic 
abnormalities in the cornea in our case 
represent a commonly recognized re- 
sponse of the posterior cornea to 
several types of insults. The stimulus 
to metaplasia in our case may have 
been contact of iris stroma with the 
posterior cornea, much like vitreous 
contact leading to an abnormal poste- 
rior corneal collagenous layer in 
aphakic bullous keratopathy.’ On the 
other hand, as in Fuchs's dystrophy,” 
the corneal metaplasia might have 
begun without mechanical contact 
with other tissue, that is, before the 
peripheral anterior synechiae had 
formed. Since this eye had had multi- 
ple operations, some of the observed 
changes may have resulted from 
surgical manipulations and aphakia. 
However, the cornea showed clinical 
dystrophy and edema prior to any 
operation. 

We believe that the cells on the 
posterior corneal surface and those on 
the iris are so similar in appearance 
that they must be the same cell-type. 
In a report of posterior polymorphous 
dystrophy," cells that appeared to be 
similar at the posterior cornea were 
felt to be so unlike corneal endothe- 
lium that they were believed to be 
epithelial in origin. Yet, the patient in 
this ease had no previous surgery to 
explain the presence of intraocular 
epithelial cells. Certainly, the presence 
of multiple layers of cells both on the 
posterior cornea and on the iris is 
unusual if these are normal, adult, 
corneal, endothelial cells, which are 
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Fig 3.—Area of iridocorneal contact. From anterior chamber (AC) at top, several layers of 
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tissue are seen: metaplastic corneal endothelium (E), collagenous connective tissue (C), 
one fibroblast (F), iris clump cells (I), and Descemet's membrane (D) (x 3,400). 


felt to have little ability to increase 
their numbers by mitosis.” However, 
the metaplastic process might involve 
not only the ability to produce abnor- 
mal collagenous material, but also the 
ability to divide. A further possibility 
is that these cells are neither endothe- 
lium nor epithelium, but rather cells 


derived from the iris, such as stromal 
fibroblasts or anterior pigment epi- 
thelium. While each of these possibili- 
ties cannot be completely» excluded, 
the several reports demonstrating 
similar metaplastic changes in corneal 
endothelium make this the most prob- 
able cell-type. ETE 
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Chandler's Syndrome—Quigley & Forster 


and Other Disease States 


In a recent study of posterior poly- 
morphous dystrophy of the cornea, 
Cibis and co-workers" found exam- 
ples of typical polymorphous dystro- 
phy and Chandler's syndrome in 
different members of the same fami- 
ly. Such findings indicate that there is 
a similar genetic substra:e leading to 
variable phenotypic expression. The 
close relationship between these two 
groups is supported by tae similarity 
in appearance of metaplastic corneal 
endothelium in posterior polymor- 
phous dystrophy’ and ir our patient 
with Chandler's syndrome. We do not 
feel that enough information has yet 
been gathered to consider both groups 
as a single disease. Similarly, Chand- 
ler's syndrome, essential iris atrophy, 
and Cogan-Reese syndrome share the 
clinical features of iris stromal abnor- 
malities, iridocorneal adhesions, iris 
nodules, and glaucoma. Histologically, 
all three syndromes can have ectopic, 
metaplastic corneal endothelium on 
the iris surface. While we do not wish 
to overlook the differences among the 
three groups, it is possible that they 
represent variable manifestations of a 
common pathogenesis, perhaps involv- 
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Fig 4.—Metaplastic corneal endothelial cells (E) with two abnormal features: desmosom- 
al junctioms (arrows) ard dense intracellular filaments (F) ( x 38,000). 





Fig 5.—Abnormal cells present on anterior iris surface. Left, full iris thickness is seen with abnormal cells (between small 
arrows) separating anterior chamber (AC) from iris stroma, which is of normal appearance and contains normal blood vessels 
(large arrow). Between abnormal cells and iris stroma is clear-appearing zone. Right, multilayered abnormal cells (E) 
resembje metaplastic corneal endothelium ultrastructurally. (Left, paraphenylenediamine, x 870; Right, x 8,000.) 
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material similar to subendothelial fibrous tissue in Fig 3: collagen fibrils (1), 10-nm 
filaments (2), and basement membrane (arrows). There is intracellular pigment phago- 
cytosis (P) ( x 36,000). 


ing corneal endothelial metaplasia as 
a primary event. 


Histologic Abnormalities 
of Cornea and Iris 


The histologic abnormalities in the 
cornea and iris in our patient have 
three important consequences in ex- 
plaining the clinical state of the 
eyes. 

First, the loss of corneal transpar- 
ency and corneal edema resulted from 
two factors. The interposition of col- 
lagenous material between the endo- 
thelium and Descemet’s membrane 
would impair corneal clarity, since this 
material has substantial thickness and 
lacks the orderly arrangement of stro- 
mal collagen lamellae. The partial loss 
of apical occluding junctions in the 
endothelium would handicap the 
mechanism for maintaining corneal 
deturgescence. 

Second, the sheet of cells covering 
the iris might well have extended over 
the anterior chamber angle, as seen in 
cases of essential iris atrophy.** The 
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cells on the surface of the iris in our 
own case had not produced material at 
their basal surface, which unequivo- 
cally resembled Descemet’s mem- 
brane, though there was extracellular 
collagenous material. In other exam- 
ples of metaplastic endothelium grow- 
ing over the anterior chamber angle 
and iris, Descemet-like membrane had 
been suggested by light micros- 
copy.’*’® A cellular sheet over the 
angle, especially in combination with 
peripheral anterior synechiae, is a 
likely explanation for the elevated 
IOP in our patient and in other similar 
iridocorneal degenerations. 

Third, the sheet of cells overlying 
the iris might cause the iris stromal 
abnormalities seen in this syndrome. 
Since the cells have many desmosomal 
intercellular attachments and large 
numbers of intracytoplasmic fila- 
ments, one might speculate that the 
membrane that they form is contrac- 
tile. This is certainly a possible expla- 
nation for the progressive attachment 
of iris stroma to the cornea and 


pernaps even ror tne initiation or sucn 
synechiae. A recent histelogic report 
in essential atrophy? questioned the 
hypothesis that vascular insufficiency 
plays a major role in the pathogenesis 
of iridocorneal degenerations The 
iris stroma in our specimen was 
normal and all blood vessels were 
patent. 
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Surgical Techniques 


senie Entropion 


Pathogeresis and Treatment 


Robert M. Dryden, MD; Joel Leibsohn, MD; John Wobig, MD 


* Lower l&l| entropion is owing to a 
defect ef the lower eyelid retractors that 
causes atteruation of the aponeurosis. 
Twelve patients with lower lid entropion 
underwent sargery in which a procedure 
that reappreximates normal lower lid 
anatomy was used. There were two recur- 
rences of the entropion condition in the 
twelve patierts. 

(Arch Opfrhaimol 36:1883-1885, 1978) 


W: present a new concept of the 
pathegenesis and treatment of 
senile entr»pion. The cause of senile 
entropion & a thinning or separation 
in the lowe- eyelid aponeurosis (analo- 
gous to the aponeurosis of the levator 
palpebrae superioris of the upper 
eyelid). Su-gery repairs the defect in 
the aponewrasis. The pertinent anato- 
my, the elinical findings, and the 
results of a prospective series of 
patients with surgically corrected 
senile en ropion are herein pre- 
sented. | 


?ATHOGENESIS 


The lower eyelid aponeurosis ap- 
pears to become attenuated with 
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aging or any mechanical stress, such 
as surgery, in the orbital area. Subse- 
quent dehiscence or attenuation near 
the lower edge of the tarsus may 
ensue. This finding is similar to that 
seen in upper eyelid senile ptosis.' The 
attenuation of the lower eyelid apo- 
neurosis allows the rotation of the 
tarsus that is seen in senile entro- 
pion. 


ANATOMY OF THE 
LOWER EYELID RETRACTORS 


The retractors of the lower eyelids 
are similar to those found in the upper 
eyelid, ie, the levator muscle and its 
aponeurosis, the superior tarsal sym- 
pathetic muscle of Muller, and the 
suspensory ligaments of the conjunc- 
tiva of the upper fornix. The inferior 
rectus, innervated by the inferior 
ramus of the third nerve, is the 
depressor of the lower eyelid and the 
globe. 

Anteriorly, the connective tissue 
Structures and smooth muscle are 
similar to those in the upper lid. The 
force to the lid from the inferior 
rectus is transmitted by a dense 
connective-tissue band from the un- 
dersurface of the inferior rectus, the 
capsulopalpebral head of the inferior 
rectus. Anteriorly, this capsulopalpe- 
bral head becomes the lower eyelid 
aponeurosis (capsulopalpebral fascia). 
The inferior tarsal muscle (sympa- 
thetic), and the suspensory ligaments 


of the lower fornix arise from the 
posterior surface of the aponeuro- 
sis.'? 

The aponeurosis inserts into the 
skin of the lid from the lower eyelid 
crease to the lid margin and also to the 
front surface of the tarsus, starting at 
its lower edge. The orbital septum 


fuses with the aponeurosis several 


millimeters below the tarsus. The 
aponeuros:s and orbital septum inferi- 
or to their fusion are separated by the 
preaponeurotic orbital fat. Laterally, 
a dense horn of tissue extends to the 
lateral retinaculum. A nasal horn 
passes to the nasal retinaculum. The 
inferior tarsal muscle separates less 
easily from the aponeurosis in the 
lower eyelid. It consists of sympathet- 
ic smooth muscle fibers and connec- 
tive tissue. The inferior tarsal muscle 
inserts superiorly into the lower edge 
of the tarsus. Inferiorly, it fuses with 
the lower lid aponeurosis approxi- 
mately 0.5 to 0.75 em beneath the 
lower edge of the tarsus. There is a 
dense connective tissue attachment 
between the inferior tarsal muscle 
and the conjunctiva in the palpebral 
and forniceal conjunctiva, and in the 
fornix. 

The upper and lower eyelid retrac- 
tors differ in that the inferior oblique 
muscle courses from its nasal, orbital, 
margin origin to the insertion on the 
globe laterally. This extraocular mus- 
cle passes through the lower eyelid 
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Fig 2.—Defect in inferior aponeurosis, 
front view. See legend to Fig 1 for key to 


Fig 1.—Defect in inferior aponeurosis (cir- ^ Symbols. Ico. 
Fig 3.—Defect in inferior aponeurosis 


cled area), side view. Key to symbols in ; t : 
this and other figures is as follows: a, closed with permanent sutures from inferi- 
: or edge of tarsus (at f) through superior 


aponeurosis inserting in tarsus and skin; s ^ S 
a’, aponeurosis fusing with orbital septum; edge of aponeurotic defect (at a’). See 
legend to Fig 1 for complete key to 


symbols. 


b, inferior tarsal muscle (sympathetic); c, 
inferior oblique muscle; d, orbital fat; e, 
orbital septum; f, tarsus; g, orbicularis 
oculi muscle anterior to tarsus; g’, orbicu- 
laris oculi muscle anterior to orbital 
septum; h, skin. 





Fig 5.—Aponeurotic defect closed to 
tarsus; lid-crease sutures going from skin 


Fig 4.—Front view of aponeurotic defect (h) to aponeurosis, tarsus, and back to 
with sutures in place. See legend to Fig 1 skin. See legend to Fig 1 for complete key 
for key to symbols. to symbols. ; 
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aponeurosis as it courses to its inser- 
tion on the giobe. 


CLINICAL FINDINGS 


Several clinical observations sug- 
gest that the abnermality in senile 
entropion is a defect in the lower 
eyelid retractors. Normally, the lower 
tarsus assumes a position parallel to 
the orbital floor when the lower lid is 
pulled downward vith an examining 
finger. Similar traction in the patient 
with entropion or in the patient in 
whom an early seperation or thinning 
of the aponeurosis is developing 
reveals that the lid maintains a verti- 
cal orientatien with the face. The lid 
margin with an zponeurosis defect 
appears to have lost its fixation at its 
base. 

The inferior fernix laterally is 
alterec in color. The normal lid fornix 
appears whitish due to the presence of 
the underlying connective tissue of 
the lower lid retractors. The fornix of 
the abnormal lid with a defect in the 
aponeurosis appears pinker laterally. 
The defect in the lower eyelid aponeu- 
rosis reveals the more anterior struc- 
tures. 


PROCEDURE 


A meticuleus dissection with good 
hemostasis is necessary to identify the 
defect in the lower eyelid aponeurosis. A 
horizontal lid-erease incision is made 
approximately 5 mm beneath the lid 
margin and extending from the punctum 
to the lateral canthus. The incision is 
placed *arther from the lid margin lateral- 
ly than nasally, as with the normal lid 
crease. The incision 5 carried through the 
skin, subeutaneous fascia, and orbicularis 
muscle: The orbital septum is incised. The 
preaponeurotie fat is retracted. The white 
fibrous eonneetive tissue of the lower lid 
aponeurosis is found separated from its 
norma. superior extensions in the area of 
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the lower edge of the tarsus (Fig 1 and 2). 
Further confirmation of anatomical struc- 
tures, if needed, is made by pulling on the 
lower lid aponeurosis and observing the 
globe as it is rotated superiorly while the 
patient attempts to look down. 

The defect is closed by suturing the 
upper edge of the lower eyelid aponeurosis 
with the lower edge of the tarsus, using 
four to six nonabsorbable, interrupted 
sutures (Fig 3 and 4). The skin and subcu- 
taneous tissues are then closed with multi- 
ple, interrupted eyelid-crease sutures, 
which unite the skin at one edge of the 
incision to both the aponeurosis and the 
skin at the lower edge of the incision (Fig 
5). The lid margin should be positioned 
normally, with the lashes in the correct 
place. Additional skin sutures may be 
needed. 


RESULTS 


Twelve consecutive patients with 
senile lower lid entropion underwent 
the described procedure. Two patients 
had the condition bilaterally. There 
were two recurrences. The ages of the 
patients ranged from 63 to 84 years, 
with an average age of 74% years. 
Eight of the 12 patients were men. 
Nine of 14 lower lids involved the 
right side. Follow-ups ranged from 
four to 17 months, with an average 
follow-up of 8 months. 


COMMENT 


This procedure reapproximates nor- 
mal lower eyelid anatomy. A stable lid 
position and a low recurrence rate 
results. This procedure does not de- 
stroy normal anatomy, and repeated 
explorations can be done with facility. 
However, the surgeon must have 
precise knowledge of the involved 
anatomy. The lower lid aponeurosis 
must be identified. (The degree of 
separation varies from mild thinning 
to actual separation.) 


The recurrence of lower eyelid 
entropion in two patients demon- 
strates two important technical points 
in the procedure. In one of these 
patients, the lower eyelid aponeurosis 
was sutured back to, the connective 
tissue from which it had pulled apart 
near the lower edge of the tarsus. This 
tissue was not sufficiently firm to 
anchor the aponeurosis. Despite other 
successes, the technique was modified. 
The aponeurosis was sutured to the 
lower edge of the tarsus, thus achiev- 
ing a more firm union. A second recur- 
rence occurred in the only patient 
without lid-crease sutures. Reexplora- 
tion revealed that the aponeurosis 
separated from its surgical attach- 
ment on the tarsus. The aponeurosis 
was reattached to the tarsus and lid- 
crease sutures were placed. No subse- 
quent problems have oecurred. 

Kyelid crease sutures are a critical 
part of the procedure. Normally, the 
lower eyelid aponeurosis attaches to 
the anterior surface of the tarsus as 
well as to the skin. The aponeurotic 
fibers to the skin form the lower 
eyelid crease and maintain the tight 
attachment of the skin to the lid. 
These fibers facilitate stabilization of 
the lid margin in the person with 
entropion. The eyelid crease sutures 
reestablish the normal anatomical 
relationships and help stabilize the 
rounded eyelid in the entropic individ- 
ual. 
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Evaluation of Through-and-Through 


è Sutures placed at the level of Desce- 
met’s membrane were compared with 
sutures placed through and through the 
full corneal thickness in 42 rabbit corneas 
using cataract and corneal wounds. The 
rabbits were killed, and sutures were 
removed at various postoperative periods 
up to four weeks. Evaluation of the 
wounds demonstrated that although the 
through-and-through technique provided 
good wound closure in the immediate 
postoperative period, the technique pro- 
duced more damage to Descemet’s mem- 
brane and to the endothelial cells, both at 
the time of suturing and at the time of 
suture removal, and tended to produce 
greater retrocorneal membrane forma- 
tion. In addition, the through-and-through 
suturing technique was technically more 
difficult. In this study performed in 
rabbits, the one advantage of the through- 
and-through suture, ie, immediate posteri- 
or wound closure, was outweighed by its 
many disadvantages. 

(Arch Ophthalmol 96:1886-1890, 1978) 


hrough the years, ophthalmolo- 
gists have learned some basic 
rules for cataract wound closure. For 
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Corneal Sutures 


Perry S. Binder, MD 


instance, sutures placed superficially 
will cause a posterior wound gape,’ 
whereas tight sutures will produce a 
wound compression that induces a 
plus cylinder in the meridian of the 
tight suture. Loosely placed sutures 
or sutures removed too early will 
produce a wound gape that induces a 
plus cylinder in the meridian 90° away 
from the wound gape.’ Tight, large- 
diameter sutures that are placed deep- 
er than half the thickness of the 
stroma can cause necrosis, fibrosis, 
vascularization, and suture tract 
epithelialization, and have the poten- 
tial for epithelial downgrowth and 
infection.** 

When the smaller, nonabsorbable, 
monofilament nylon sutures became 
available, it was found that because of 
their nonreactivity,? small diameter, 
and elasticity, they could be placed 
deeper than the posterior half of the 
stroma without producing the compli- 
cations that would normally occur 
using sutures with larger diameters. 
Most of the clinical problems asso- 
ciated with monofilament nylon su- 
tures have been those associated with 
wound compression.’ 

More recently, it has been recom- 
mended to close the entire full-thick- 
ness corneal wound by means of a 
through-and-through suturing tech- 
nique." These studies performed in 
rabbits, dogs, and monkeys have led to 
the conclusions that the use of 
through-and-through sutures provide 


good apposition of the posterior 
wound edge, they may aid in the 
control of postoperative astigmatism,* 
and they may even be superior to 
sutures placed at the level of Desce- 
met's membrane in closure of the 
posterior wound.*'^ This study was 
undertaken to further evaluate the 
effect of through-and-through corneal 
sutures on the posterior cornea com- 
pared with sutures placed at the level 
of Descemet's membrane. 


MATERIALS AND METHODS 


Studies were performed on New Zealand 
white rabbits using an operating miero- 
scope under clean but not sterile technicue. 
The animals were anesthetized with intra- 
venous pentobarbital (Nembutal) sodium, 
using a dose of 25 mg/kg. The eyelids were 
separated with a wire lid speculum, and 
superior and inferior rectus bridle sutures 
of 6-0 black silk were used to assure fixa- 
tion of the globes. No conjunctival surgery 
was performed. The pupils were dilated 
preoperatively with 10% phenylephrine 
(Neo-synephrine) hydrochloride, 1% eyelo- 
pentolate hydrochloride and 1% atropine 
drops. 

Cataract wounds were made with a 
razor-blade knife, extending the wound 
three clock hours with a curved corneal 
scissor without completely closing the jaws. 
Corneal wounds were made with a razer- 
blade knife, which entered full«hickness, 
and were extended in one direction only for 
4 to 5 mm. When possible, the cataract 
wounds were closed with three interrupzed 
sutures, and the corneal wounds were 
closed with two interrupted’ sutures. In 
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LEM E e Wound ture technique was compared with a stan- 

TANTI EA dard suture placed at the level of Desce- 
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needles were not bent for through-and- 
through suturing. Sutures were cut with a 
razor-blade knife but were not buried. 
Postoperatively, the animals received 
intramuscular penicillin G and streptomy- 
cin sulfate and a topical antibiotic oint- 
ment (Neosporin), and were treated daily 
with topical antibiotics and atropine. The 
animals were photographed frequently and 
evaluated every third day with a slit-lamp 
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Fig 1.—Surgical procedure. T/T indicates 
through-and-through suture; S, standard 
depth suture (at Descemet's membrane). 
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Fig 2.—Through-and-through suture (T/T), postoperative day 14 (G/S-9, 24-u, 10-0 
monofilament nylon) compared with standard sutures (S), (G/S-9, 24-u, 10-0 monofila- 
ment nylon) Wounc is intact (large arrows), but there is localized separation of 
Descemet's membrane with anterior synechiae on one side of through-and-through 
suture (small arrows). 
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Fig 3.—Left, Corneal wound made with scissor. Endothelium (ce) has been separated 
from Descemet's membrane (dm) for distance of 130 to 150 u from edge of wound 
(original magnificaton, x80). Right, Corneal wound made with razor-blade knife. 
Endothelium (¢@) has been separated from Descemet's membrane (dm) for distance of 
40 to 90 » from wound edge (original magnification x 100). 
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biomieroscope. A total of 42 eyes were 
studied as shown following: 


Procedure, No. of Eyes 

Incision only, 4 

Suture, killed immediately, 10 

Killed day 14, 20 

Killed day 14 (sutures removed 

day 14), 6 

Killed day 28 (sutures removed 

day 14), 2 

The animals were killed immediately 
postoperatively, at two weeks or four 
weeks, with an overdose of intravenous 
pentobarbital. The eyes were immediately 
enucleated, and a laceration was placed 
through the sclera at the equator with a 
No. 15 scalpel blade, and the entire globe 
was immersed in 2.5% glutaraldehyde in 
0.1M phosphate buffer. After a minimum 
of 15 minutes, the cornea with a rim of 
sclera was excised from the partially fixed 
globe, and the iris was removed from the 
cornea. The cataract and corneal wounds 
were isolated with a trephine or a razor- 
blade knife on a Teflon cutting block. The 
isolated specimens were then embedded in 
paraffin, stained using the Masson-tri- 
chrome technique, and seetioned for light 
microscopy, or were prepared for scanning 
electron microscopy." In some animals, 
sutures were removed under topical anes- 
thesia with a razor-blade knife and a jewel- 
ers forceps before the animals were 
killed. 


RESULTS 
Clinical Evaluation 


There was no difficulty in placing a 
needle at the depth of Descemet’s 
membrane. Although the rabbit cor- 
nea is thinner than the human cornea, 
to position the needle at the appro- 
priate depth was not difficult; it was 
much more difficult, however, per- 
forming the through-and-through su- 
turing on the corneal side of the cata- 
ract wound. The needles were inserted 
perpendicular to the eorneal stroma, 
but as they struck Descemet’s mem- 
brane there was a tendency for them 
to slide along the stremal surface of 
Descemet's membrane before pene- 
trating. This phenomenon of "skat- 
ing" has been previously described.’ 
As the needle approached penetration 
of Descemet's mebrane, there was a 
tendency for Descemet's membrane to 
separate from the eorneal stroma. 
There was no difficulty encountered 
in the return from the endothelial 
surface to the epithelial surface using 
the G/S-9 and G/S-10 needles, but the 
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(original magnification, x20). Wound (arrows) is not completely apposed. Center, Corneal wound two weeks 
postoperative. (Standard depth 10-0 monofilament nylon, G/S-9 needle). Note compactness of wound and minimal 
wound scarring (original magnification, x 200). Right, Corneal wound two weeks postoperative. (Standard depth, 10-0 
monofilament nylon suture, G/S-9 needle). Wound (arrows) is intact with good preservation of endothelial morpholagy on 
both sides of wound. Wound separation is due to tissue shrinkage (original magnification, x 200). 





Fig 5.—Left, Cornea removed immediately postoperative. Site of entrance of G/S-15 
needle into anterior chamber. Note areas of loss of endothelium (stars) and moderate 
amount of fibrin deposition at site of entrance (arrows) (original magnification, x 200). 
Right, Cornea removed immediately postoperatively (G/S-9, 10-0 nylon). Note large 
areas of endothelial cell loss (stars) at entrance site of suture penetration of Descemet's 
membrane (dm). Descemet's membrane indentation (small arrows), areas of endothelial 
cell loss along length of through-and-through suture, and moderate amount of cellular 
debris attached to suture are seen (original magnification, x 90). 
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G/S-15 needle was somewhat more 
diffieult to manipulate during this 
maneuver and tended to bend easily 
because of its small diameter, size, 
and flexibility. 

There was no difference between 
through-and-through suturing and 
standard suturing in the ability to 
close a wound, nor was there any 
difference in the clinical amount of 
wound compression produced. The 
clinical evaluation of the rabbits with 
the slit-lamp biomicroscope failed to 
reveal any substantial difference in 
wound healing or wound scar forma- 
tion between the needles and sutures 
used. The major notable differences 
were that the through-and-throvgh 
sutures always attracted fibrin on the 
endothelial surface, were almost uni- 
formly associated with anterior 
synechiae, produced a noticeable inci- 


Fig 6.—Left, Wound two weeks postope-a- 
tively. Site of through-and-through suture 
(t/t) is seen (G/S-9, 10-0 nyion). Note 
minimal changes across wourd (dotted 
line) in area of standard depth (s) suture 
(G/S-9 needle, 10-0 nylon) (original mag- 
nification, x88). Right, Cornea removed 
two weeks postoperatively (16 ., G/S-10 
needle). Wound (dotted line) is intact with 
overlying endothelial cells, bu: there is 
large scar with fibrin depositior* over site 
of through-and-through suture (stars) 
(original magnification, x 60). 
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dence of localized separation of Desce- 
met’s membrane (Fig 2), and required 
larger “bites” of tissue to assure pene- 
tration due to needle sliding on Desce- 
met's membrane. Both suturing tech- 
niques stimulated a similar amount of 


vascularization in the  cataract 
wounds, and both suture types were 
easily removed under topical anesthe- 
sia. | 


Microscopic Evaluation 


An unanticipated finding was that 
sutures thought to have been placed at 
the level of Descemet’s membrane 
were found anywhere between that 
level and the mid-stroma. This varia- 
tion in depth of suture placement 
appeared to be more prominent on the 
distal side of each wound, ie, the side 
of the needle entry. All sutures that 
were placed through and through 
were found to be through and through 
microscopically. 

Another interes-ing finding was 
that corneal scissors produced a com- 
- pression of the corneal stroma and 
removed endothelial cells from both 
sides of the corneal wound for a 
distance of 100 to 150 y (Fig 3, left), 
whereas the use of the razor-blade 
knife cid not produee a compression of 
the cornea, and endothelial cells were 
found within 40 to 90 u of the wound 
(Fig 3, right). 

Sutures placed at the level of Desce- 
met’s membrane did not consistently 
close the entire full thickness of the 
cornea immediately postoperatively 
(Fig 4. left), but wichin two weeks, the 
posterior wound was closed with a 
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regular fine scar (Fig 4, center) and 
endothelial cell covering (Fig 4, right). 
Sutures placed at this depth did not 
disrupt the underlying endothelium or 
produce damage to Descemet's mem- 
brane. 

The through-and-through suturing 
technique appeared to close the 
wounds no better, but produced more 
damage to the surrounding endothe- 
lium. Endothelial cells were ruptured 
within a diameter of 50 u of the site of 
penetration of a needle through Des- 
cemet's membrane, and a similar find- 
ing was present at the exit side of the 
needle. In addition, Descemet's mem- 
brane tended to split around the site 
of the needle penetration. This find- 
ing has been described in human eyes 
by Polack and co-workers. 

Depending on the tightness of the 
suture, the endothelial cells that lay 
underneath the through-and-through 
suture were stripped off Descemet's 
membrane for 50 to 100 u on either 
side of the suture; the suture was also 
found to indent Descemet's mem- 
brane. These findings were more 
apparent when eyes were evaluated 
immediately after suturing followed 
by immediate suture removal. Imme- 
diately postoperatively, the wounds 
associated with the  through-and- 
through suturing technique were 
found to have a moderate amount of 
cellular debris and trauma to Desce- 
met's membrane (Fig 5), whereas 
minimal changes, other than those 
produced by scissors, were found with 
the standard suturing technique (Fig 
4, left). 


Fig 7.—Left, Cornea excised two weeks 
postoperatively. Suture was removed im- 
mediately before killing animals (G/S-15 
needle, 10-0 nylon). Area examined is 
away from wound. Large areas of endo- 
thelial cell disruption (ce) are present with 
exposed Descemet’s membrane (dm) at 
site of through-and-through suture (ar- 
rows) (original magnification, X 200). 
Right, Cornea removed two weeks postop- 
eratively. Suture was removed immediately 
before killing animals (G/S-9 needle, 10-0 
nylon). There is intact endothelium overly- 
ing wound (dotted line) and suture site 
(arrows) (original magnification, x 50). 


After two to four weeks, all wounds 
were found to be completely healed. 
The site of a suture placed at the level 
of Descemet's membrane appeared 
like a "log underneath a rug" (Fig 4, 
left and center, and 6, left). The site of 
the through-and-through suture could 
be easily recognized because of the 
abnormal scarring of the wound in a 
cross pattern (Fig 6, left), or by an 
area composed of a large irregular 
scar (Fig 6, right). Standard depth 
sutures produced few changes in the 
underlying endothelium and were not 
associated with scar formation. The 
wound was always closed with 
through-and-through sutures, but the 
scar was always large and irregular. 
Endothelial cells covered the through- 
and-through suture at the entrance 
and exit sites, although these areas 
appeared to be somewhat irregular 
and rough (Fig 6, right). 

Removal of standard sutures at two 
and four weeks produced minimal 
damage to the wounds, whereas 
removal of through-and-through su- 
tures tended to disrupt the covering 
membrane and adjacent endothelium 
in most cases (Fig 7, left); but in some 
cases, suture removal failed to pro- 
duce damage (Fig 7, right). The small- 
er diameter (16- to 18-u) monofil- 
ament nylon was more difficult to 
handle and did not appear to provide 
any more benefits than the 24-u 
suture. 


COMMENT 


The use of the through-and-through 
suturing technique in rabbits did not 
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appear to be as good as sutures placed 
at the level of Descemet’s membrane, 
and in no instance were these sutures 
better than sutures placed at the level 
of Descemet’s membrane. Although 
the posterior wound appeared to be 
equally well opposed with either tech- 
nique, through-and-through suturing 
produced much more damage to the 
endothelium and Descemet’s mem- 
brane at the time of suturing and at 
the time of suture removal (Fig 7, 
left). The through-and-through suture 
served as a nidus for fibrin and as a 
site for anterior synechiae (Fig 2 and 
5). The technique of through-and- 
through suturing was technically 
more difficult and subjected the 
cornea to more manipulation, especial- 
ly when the needle would tend to skate 
along the surface of Descemet’s mem- 
brane before it was able to penetrate 
into the anterior chamber. In those 
. cases that had completely healed, the 
scar was larger at the site of the 
through-and-through suture (Fig 6). 
On a theoretical basis, the use of a 
through-and-through suture would 
provide better wound closure, but on 
the other hand, it would provide a 
pathway for fluid to egress or for 


1. Heller MD, Irvine SR, Straatsma BR, et al: 
Wound healing after cataract extraction and 
position of the vitreous in aphakic eyes as studied 
post-mortem. Trans Am Ophthalmol Soc 69:245- 
261, 1971. 

2. Jaffee NS, Clayman HM: A pathophysiology 
of corneal astigmatism after cataract extraction. 
Trans Am Acad Ophthalmol Otolaryngol 79:615- 
630, 1975. 

3. Dunnington JH, Regan EF: The effect of 
sutures and thrombin upon ocular wound healing. 
Am J Ophthalmol 35:167-177, 1952. 

4. Dunnington JH, Regan EF: Absorbable 
sutures in cataract surgery. Arch Ophthalmol 
50:545-556, 1953. 

5. Basu PK, Hasany SM: A histochemical study 


1890 X Arch Ophthalmol—Vol 96, Oct 1978 


ES iss PU bL 
m P PEE a 


bacteria and epithelial cells to enter 
the anterior chamber. These theoreti- 
eal disadvantages are probably mini- 
mal, especially if one plans to leave 
the sutures in place, because the 
epithelium will cover one surface, and 
the endothelium, and ultimately Desc- 
emet's membrane, will cover the 
posterior surface of the wound. 

Removal of a standard suture did 
not produce any change in the endo- 
thelial cells or in Descemet's mem- 
brane, whereas removal of the 
through-and-through suture produced 
gross disruption of newly healed endo- 
thelial cells (Fig 7, left) in most cases. 
It is therefore possible that removal of 
through-and-through sutures could 
promote a posterior wound gape, could 
introduce epithelial cells and/or bacte- 
ria into the anterior chamber, and 
could produce a fresh nidus for iris or 
vitreous adhesion. 

On the basis of this study per- 
formed in rabbits, the one possible 
advantage of the  through-and- 
through suturing technique of full- 
thickness wound closure is outweighed 
by the damage that the technique 
produces to Descemet’s membrane 
and the endothelium at the time of 
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suture placement and at the time of 
suture removal. Because of the species 
differences, one cannot extrapolate 
these findings to human eyes, and 
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through sutures found in this study 
may represent problems with the 
animal model. The rabbit tends to 
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fibrin, but in this experiment. in 
almost every case the fibrin remained 
attached to the site of the through- 
and-through suture. This fact sup- 
ports the idea that through-and- 
through suturing tends to procuce 
more surface irregularities than stan- 
dard depth sutures. The problem with 
fibrin in the rabbit anterior chamber 
may be eliminated with the use of 
topical steroids and/or the use of 
another animal model. Consequent- 
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suturing technique is presently under- 
way using cat and human eye-bank 
eyes. 
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Possible Regulatory Mechanisms 


of the Cornea 


I. Epithelial-S-romal Interaction In Vitro 
David BenEzra, MD, PhD; Teuro Tanishima, MD 


* Electron microseopic studies of pure 
epithelial and stromal cultures and of 
combined cultures demonstrated that ker- 
atocytes activity was inhibited by the 
presence of epithelial cells in culture. The 
degracation of collagen and the formation 
of clear zones around the keratocytes 
within the explants o: pure stroma is inter- 
preted as an indication for the production 
of a collagenolytic substance by the 
active keratocytes. The collagenolytic 
activity of the keratocytes was not 
observed within the stroma of combined 
cultures and was prcbably inhibited by the 
activity of epithelial cells in these 
cultures. Furthermore, using a microcul- 
ture method for the assessment of the 
metabolic activity of:corneal cells in vitro, 
supernatants of epithelial cell cultures 
were shown to have a marked inhibitory 
effect on the capacity of keratocytes to 
synthesize DNA. Nc effect of stromal cell 
supernatant on epithelial cell activity 
could 5e detected by the same methods. 

It is suggested that this “one way" 
influence as observed in vitro might, in 
certain conditions, play a role as a regula- 
tory mechanism in "ivo. 

(Arch Ophthalmo: 96:1891-1896, 1978) 
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he cornea is a unique avascular 

and transparent organ formed by 
epithelium, stroma, and endothelium 
originating from different embryo- 
logical layers. The epithelium demon- 
strates a rapid "renewal" after injury. 
The stromal cells are usually inactive 
but may form a scar following a pene- 
trating wound. The endothelial cells 
become active during healing pro- 
cesses and may demonstrate both an 
enlargement of cells and multiplica- 
tion.'? 

The interaction between the differ- 
ent layers and the possible regulatory 
mechanisms in normal conditions and 
pathologies of the cornea are difficult 
to analyze in vivo. This report deals 
with some aspects of the possible 
interaction between epithelium and 
stroma as demonstrated by in vitro 
studies. 


MATERIALS AND METHODS 
Animals 


Corneas from guinea pigs, inbred strain 
18 or 2, that were one month old were used 
throughout the study. 
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Macrocultures 


Pure epithelial and stromal cultures have 
been initiated as previously described.: 
Combined epithelial and stromal cultures 
were set in two different systems: (a) A 
whole cornea was split to half-thickness 
with two jeweler’s forceps, and the anteri- 
or part was used to initiate an “undis- 
turbed,” combined culture of epithelium 
and stroma. (b) Explants of pure epithe- 
lium and pure stroma were recombined 
after dissection and were further cultured. 
Because of technical problems with these 
latter cultures, the observations derived 
from them were difficult to analyze. There- 
fore, we concentrate in this report on data 
obtained with the pure cultures and the 
combined, undisturbed ones only. 


Microcultures 


These were prepared according to the 
method previously reported. In brief, 
macrocultures were subjected to trypsinis- 
ation. Cells were washed once with medium 
RPMI 1640 and cultured in microcultured 
plates. Cells (10* per wel!) were seeded in a 
volume of 0.2 ml of the medium containing 
5% inactivated syngeneie guinea pig serum 
(prepared in our laboratory). 


Supernatants 


Macrocultures medium was changed, the 
first time, on the fourth day of culture and 
every four days thereafter. On the 12th 
day, the third culture medium was collected 
and subjected to centrifugation at 10* g for 
60 minutes. The sediments were discarded, 
and the supernatants were tested for their 
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Fig 1.—Pure stromal culture. Top left, Thick section of original explant (x 320). Thin, elongated keratocytes resembling 
endothelial cells are observed at bottom of explant. Top right, Transmission electron microscopy of outgrowing keratocytes 
forming multilayers. Cells are very active and demonstrate distended endoplasmic reticulum (ER), large mitochondria (MC), 
and inclusion bodies (IC). There are no intercellular junctions, and secretory product is present in the intercellular spaces 
( x 20,000). Bottom left and right, Within explant, transmission electron microscopy (left, X 4,250; right, x 8,500) shows very 
active cells with well-developed organelles, many inclusion bodies (IC), and vacuoles (V). Far from active cells, stromal 
collagen is well preserved, while around the cells, clear zone (CZ) is observed and collagenolytic remnants (CRM) resulting 
from degradation of stromal collagen are apparent. 





influence on DNA synthesis in various 
mierocultures. The following supernatants 
were assayed: supernatant of pure corneal 
epithelial cultures from guinea pig strain 
13 (Ep Sup 13) and strain 2 (Ep Sup 2) and 
supernatant of a pure corneal stromal 
culture from guinea pig strain 13 (St Sup 
13). Medium RPMI 1640 with 5% syngeneic 
guinea pig serum was kept in the incubator 
under the same conditions as the cultures 
and was used as the control medium. The 
effeet of each supernatant on microcul- 
tures of epithelium and stroma was tested 
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by including in the final culture volume 10 
to 100 ul of supernatant per microeulture. 
The extent of DNA synthesis was evalu- 
ated after 48 hours incubation with the 
appropriate supernatant.' Each test was 
carried out in triplicate. 


Electron Microscopy 


Explants were initiated and kept in 
eultures as described. Cultures were pro- 
cessed for electron microscopy after 15 to 
35 days as follows: Supernatants were aspi- 
rated and the cultures were washed twice 


at 4?C. Postfixation wtih 1% esimum 
tetroxide followed for 60 minutes. The 
cultures were then dehydrated with up- 
grading ethyl alcohol series and were 
embedded in epoxy resin. Thick-sections 
measuring 1 » were prepared and stained 
with toluidine blue for observations under 
the light microscope. After loealizaticn, 
ultrathin sections were obtained with an 
ultramicrotome. These sections were 
stained with uranyl acetate and lead 
citrate for observation wjth the electron 
microscope. mw, ^ 
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Fg 2.—Combined epithelial and stromal culture. To 
cutgrow (OG), and slide beneath explant. Very few 
( x 17,000) demonstrates epithelial cell structure on 
cDserved. Thee is intact basement membrane (BM 
preserved stromal collagen. Bottom left, Transmissi 
epithelial cells and many desmosomes (Insert, x2 
were observed Note very large intercellular juncti 
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p left, Thick section of original explant ( x 320). Epithelial cells (EP) cover, 
keratocytes (K) are observed. Top right, Transmission electron microscopy 
top of explant. Many desmosomes (DS) and well-developed organelles are 
) limiting epithelial cells from stroma (ST), which demonstrates very well- 
on electron microscopy ( x 8,500) demonstrate multilayerinc of outgrowing 
5,000). Bottom right, Far from explant, at periphery of culture, active cells 
ons (IJ) exhibited by cells ( x 25,000). 
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RESULTS 
Morphological Studies 


Thiek section of a pure stromal 
culture demonstrated the various mor- 
phological appearances of the kerato- 
cytes within the stroma (Fig 1, top 
left). The formation of multiple layers 
of cells "was observed on ultrathin 
sections of the outgrowth (Fig 1, top 
right). Electron microscopic studies of 
incividual cel] within the stromal 
explant demonstrated organelle mor- 
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phology compatible with active cells 
(Fig 1, bottom left and right). Note- 
worthy were the large number of 
mitochondria, the well-developed en- 
doplasmie reticulum and the many 
vacuoles. Apparently, the active cells 
release a collagenolytie substance. 
This was demonstrated by the "clear 
zones" around the cells and the collag- 
enous remnants near the keratocytes 
as compared with the well-preserved 
collagenous structure of the stroma 


far from the active cells. 

Culturing epithelium with stroma, 
it was observed that only the epithe- 
lial cells were outgrowing while the 
stromal cells were “inhibited” (Fig 2, 
top left). Electron microscopic obser- 
vations of the epithelial part of the 
explant showed a well-developed epi- 
thelium with a clear epithelial base- 
ment membrane limiting the stroma. 
The stromal collagen was well pre- 
served. The epithelial desmosomes 
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Fig 3.—Transmission electron microscopy ( x 24,000) of stroma in combined epithelial and stromal cultures. The keratocytes 


(K) appear inactive and cell debris is 


observed. Stromal collagen (CL) far end around cells is well preserved. 





appeared intact and well developed 
(Fig 2, top right). The outgrowing 
cells around this explant demon- 
strated a "pure" multilayered epithe- 
lium with well-developed organelles 
compatible with a healthy epithelium 
(Fig 2, bottom left). No stromal cells 
could be observed within the outgrow- 
ing epithelial cells. Far from the 
explant, at the periphery of the 
culture, sections showed cells that 
were not epithelial (Fig 2, bottom 
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right). These cells had well-developed 
intercellular junctions and they there- 
fore differed also from the “normal” 
outgrowing keratocytes. The kerato- 
cytes within the stromal part of this 
explant appeared to be either inactive 
or to be undergoing degeneration (Fig 
2, top left and Fig 3). The collagen 
bordering the individual cells is intact 
without signs of degradation or the 
formation of a clear zone around the 
cells (Fig 3). 


Effect of Supernatants 
on DNA Synthesis 

Figure 4 illustrates the effect of the 
various supernatants on the ability of 
epithelial cells from guinea pig 13 to 
synthesize DNA as compared with 
control cultures. The DNA‘synthesis 
was unaffected by the addition of 
autologous supernatant (Ep Sup 13) or 
supernatant from syngeneic stromal 
cultures (St Sup 13) while supernatant 
from allogeneic epithelial cultures (Ep 
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Fig 4.—Effect of various supernatants on 
DNA synthesis of corneal epithelial cells 
from guinea pig strain 13. Microcultures, 
10° epithelial cells per well, without any 
added supernatant were used as controls, 
and their activity was scored as 100. Test 
was run three times. 


Sup 2) stimulated slightly the DNA 
synthesis. Similar results were ob- 
served when epithelial cells from 
guinea pig strain 2 were tested (Fig 
5). Keratocyte cultures on the other 
hand demonstrated z noticeable de- 
crease in their ability to synthesize 
DNA when cultured ir the presence of 
both supernatants from epithelial cul- 
tures. Supernatant from autologous 
keratocyte culture had no effect on 
the tritiated thymidire uptake of the 
keratocytes (Fig 6). 


COMMENT 


Previous studies im alkali-burned 
corneas incriminated the corneal epi- 
thelium or the polymorphonuclear 
cells as the origin for corneal collage- 
nase."" However, although a collage- 
nolytie activity of corneal epithelial 
cells has been demorstrated using a 
synthetic substrate,’ the unequivocal 
demonstration of a true collagenase 
from epithelium of the cornea is still 
awaited (M. B. Berman, PhD, oral 
communication, June 1977). Brown 
and co-workers,*? in a well-controlled 
study, concluded that in wounded 
corneas an interaction between epi- 
thelium and stroma is needed for the 
triggering of collagenase production. 
Our data demonstrate that there 
exists an interaction between normal 
epithelial and stromal cells in cultures. 
This interaction seems different from 
the one observed when wounded or 
alkali-burned corneas were studied.’ 
Electron microscopie observation of 
the cells within the pure stromal 
explants showed that the keratocyte 
organelle morphology is compatible 
with active cells. Also, the formation 
of a clear zone along with collageno- 
lytic remnants around the cells can be 


Fig 5.—Effect of various supernatants on 
DNA synthesis of corneal epithelial cells 
from guinea pig straim 2. Microcultures, 
10° epithelial cells per well, without added 
supernatant were used as controls and 
their activity was scored as 100. Test was 
run three times. 
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Fig 6.—Effect of various supernatants on DNA synthesis of corneal keratocytes from 
guinea pig strain 13. Microcultures, 10* keratocytes per well, without any added 
supernatant were used as controls and their activity scored as 100. Test was run three 


times. 


interpreted as an indication for the 
production of a collagenolytie sub- 
stance by the active keratocytes in the 
absence of epithelial cells in the 
culture (Fig 1, bottom left and right). 
The presence of epithelium in the 
culture inhibits the proliferation and 
the collagenolytic activity of the kera- 
tocytes within the stromal part of the 
combined explant (Fig 2, top left and 
3). The difference between our obser- 
vations and those reported by Brown 
and co-workers* may be explained on 
the basis of the dissimilarity between 
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2. Van Horn DL, Hyndiuk RA: Endothelial 
wound repair in primate cornea. Exp Eye Res 
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nolytic activity in bovine corneal epithelium. 
Arch Ophthalmol 80:496-498, 1968. 
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the metabolites released by normal 
guinea pig corneal epithelial cells in 
culture and the metabolites released 
by epithelial cells from an injured or 
alkali-burned rabbit cornea. Metabo- 
lites released by normal epithelial cells 
in culture appear to turn off the kera- 
tocytes activity while metabolites re- 
leased after injury or alkali-burn may 
have a “turning on” effect. It is also 
noteworthy that the keratocyte colla- 
genolytic activity as observed in this 
study might be due to proteases rath- 
er than to collagenase. 
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Berman and co-workers'^'' recently 
demonstrated the regulating effect of 
cyclie-cAMP and its derivatives on 
collagenase synthesis and/or secre- 
tion and activity. Possibly the eollage- 
nolytic activity of the normal kerato- 
cytes is mediated by epithelial cells 
through the cyclic nucleotides or their 
metabolites. The epithelial-stromal in- 
teraction is most probably widespread 
and is not confined to collagenase or 
protease synthesis or activity only. 
Using the microtechnique culture sys- 
tem for the evaluation of the meta- 
bolic activity of corneal cells in vitro, 
an inhibiting effect on the ability of 
normal keratocytes to synthesize 
DNA was observed when a humoral 
substance released by epithelial cells 
was added to the keratocyte cultures. 
This in vitro "turning off" effect of 
epithelial cell metabolites on stromal 
cells activity may be a constant inhibi- 
tory mechanism regulating the stro- 
mal cell activity in vivo. 

Interestingly, so far, the regulating 
mechanism seems to be a one-way 
influence; that is, epithelial cells regu- 
lating the stromal cell activity. We 
were unable to detect any influence of 
stromal cells on the epithelial cell 
activity. Studies are underway to 
elucidate a possible interaction be- 
tween stromal and endothelial cells 
and between the latter and epithelial 
cells. 
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Effect of Intraocular Miotics 
on Corneal Endothelium 


Elizabeth D. V :ughn; David S. Hull, MD; Keith Green, PhD 


* We investzjated the use of commer- 
cially available intraocular preparations of 
acetylcholine -hloride and carbachol for 
their effects or the physiological function 
and anatemice appearance of the corneal 
endothelium. Cornea endothelial cells 
that were perfased for 15 minutes in the 
specular micrescope with 1% acetylcho- 
line demonstreed no a&eration in physiol- 
ogy or ultrastructure. Cornea endothelial 
cells perfíused'for 15 minutes with 0.01% 
carbacho! demonstrated alterations in 
physiology dur ng the first hour; however, 
physiological tinction eturned to normal 
during the remaining two hours of perfu- 
sion in modified Krebs-Ringer bicarbon- 
ate solution. ESctron microscopy demon- 
strated no cellmiar altesations. 

(Arch Ophthalmol 961897-1901, 1978) 


Ms ar- commenly injected into 
the arterior shamber during 
intraocular leis implantation surgery 
to produee prompt papillary constric- 
tion and to prevent anterior disloca- 
tion. Prior tc the use of intraocular 
lenses, mioties were occasionally in- 
jected into the arterior chamber 
during reund 5upil cataract surgery to 
protect the vitreous face and to 


Accepted t for p- blication Jan 31, 1978. 

From the Depz-tments c? Ophthalmology (Ms 
Vaughn, Drs Hulzand Greex) and Physiology (Dr 
Green), Medical €ollege of Georgia, Augusta. 

Reprint reque=s to Department of Ophthal- 
mology, Medica) Gdilege of seorgia, Augusta, GA 
30901 (Dr Hull). 





Arch Ophthairmi—Vol 96, Oct 1978 


prevent iris incarceration.'? Since the 
ideal miotic should be nontoxic to the 
corneal endothelium, we investigated 
the effects of commercially available 
intraocular preparations of 1% acetyl- 
choline chloride and 0.01% carbachol 
on the corneal endothelium during 
in vitro perfusion in the specular 
microscope. 


MATERIALS AND METHODS 


Adult albino rabbits weighing 3 kg were 


Carbachol 
1st hr 53+ 12 u/hr 


2nd and 3rd hr 5+7 phr 
O 


Increase in Corneal Thickness, p 


15 min Perfusion 
(Experimentals) 


Time, hr 





killed with an overdose cf intravenous 
pentobarbital sodium, and the eyes were 
enucleated with the conjunctival sac and 
eyelids intact. The corneas were mounted 
in a specular microscope, which permitted 
constant perfusion of the endothelial 
surface at a controlled temperature of 
37 °C and pressure of 15 mm Hg. Direct 
observation of the corneal endothelium as 
well as sequential measurements of the 
corneal thickness were permitted by this 
instrument. Silicone oil was placed on the 
epithelial surface. Corneal swelling rates 
were determined by linear regression anal- 


Krebs-Ringer Solution 


be —@ Acetvicholine 
13 4+6 yulhr 


Fig 1.—Corneal swelling following endothelial cell perfusion for 15 minutes with either 196 
acetylcholine chloride, 0.0196 carbachol, or Krebs-Ringer bicarbonate solution (con- 


trol). 
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Fig 2.—Transmission electron micrograph of corneal endothelial cell immediately following 15-minute perfusion with 
1% acetylcholine chloride. Cell membranes and organelles are intact (original magnification x 10,900). 


ysis, and a comparison of the regression 
lines of the experimental and the control 
corneas were made by an analysis of co- 
variance. The control corneas were per- 
fused constantly with Krebs-Ringer bicar- 
bonate solution with added reduced gluta- 
thione (0.092 g/liter) and adenosine (0.134 
g/liter).** 

Paired corneas were used, and after a 
one-hour stabilization period in the modi- 
fied Krebs-Ringer bicarbonate solution, 
the experimental cornea was perfused for 
15 minutes with 1.5 ml of either commer- 
cially available intraocular 1% acetylcho- 
line chloride or 0.01% carbachol. After the 
15-minute perfusion with miotic, the 
cornea endothelium was then perfused for 
234 additional hours with the Krebs-Ringer 
bicarbonate solution. A minimum of five 
corneas were used in each experimental 
group. At various periods, some of the 
corneas were fixed in 2% glutaraldehyde 
with phosphate buffer and were submitted 
for scanning and transmission electron 
microscopy. 


RESULTS 


Corneas perfused for 15 minutes 
with 1% acetylcholine swelled at a rate 
of 4 + 6 u/hr during the following 2% 
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Fig 3.—Scanning electron micrograph 2*4 hours after completion of 15-minute perfusion 
of corneal endothelial cells with 196 acetylcholine chloride. Endothelial tell mosaic has 
normal appearance (original magnification x 500). + 
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Fig 4.—Scanring electron micrograph 15 minutes after completion of 15-minute perfu- 
sion of corneal endotaelial cells with 0.01% carbachol. Cell junctions are suggestive of 
prominent apical flaps (original magnification x 500). 





hours (Fig 1). This was statistically 
similar to the swelling rate of the 
controls, which swelled at 7 + 3 p/hr. 
Those corneas perfused for 15 minutes 
with 0.01% carbachol swelled at a rate 
of 58 + 12 u/hr the first hour after the 
perfusion. This was statistically dif- 
ferent from control corneas 
(P < .001). Thereafter, the corneal 
swelling rate decreased to 5 + 7 u/hr 
for the remaining two hours (Fig 1), 
which was statistically similar to 
controls. 

Transmission and scanning electron 
microscopy of corneas perfused with 
1% acetylcholine for 15 minutes dem- 
onstrated normal endothelial cells 
(Fig 2 and 3). Seanning electron 
micrographs of corneas perfused for 
15 minutes with 0.01% carbachol 
suggested the presence of prominent 
flaps at the endothelial cell junctions 
15 minutes after completing the 
perfusion (Fig 4). However, this was 
not confirmed with transmission elec- 





Fig 5.— ransmission electron micrograph of corneal endothelial cell immediately following 15-minute perfusion 
. with 0.01% carbachol. Cell membranes and organelles are intact and demonstrate no abnormality of apical 
jünctiors (original magnification x 10,900). 
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Fig 6.—Scanning electron micrograph 2% hours after completion of 15-minute perfusion 
of corneal endothelial cells with 0.01% carbachol. Endothelial mosaic has normal 
appearance (original magnification x 500). 


tron micrographs, which demon- 
strated normal endothelial cell apical 
junctions, membranes, and organelles 
immediately after completion of the 
15-minute perfusion with 0.01% carba- 
chol (Fig 5). Endothelial appearance 
on scanning electron micrographs was 
normal after an additional 2%4-hour 
perfusion with normal Krebs-Ringer 
bicarbonate solution (Fig 6). 


COMMENT 


The commercially available acetyl- 
choline chloride preparation used in 
these experiments is combined with 
mannitol, which is in a 5% concentra- 
tion in the reconstituted liquid. The 
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mannitol is used in the process of 
lyophilizing the acetylcholine chloride. 
The samples that we tested had an 
osmolarity of 430 to 440 mOsm and a 
pH of 7.1. Osmotic levels higher than 
that normally found in aqueous humor 
have also been noted by other investi- 
gators working with commercially 
available intraocular acetylcholine 
chloride preparations.* The samples of 
the commercially available prepara- 
tion of 0.01% carbachol demonstrated 
an osmolarity of 300 mOsm and a pH 
of 5.2. 

This investigation demonstrated 
that a 15-minute perfusion of rabbit 
corneal endothelium with commercial- 
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ly available acetylcholine chloride for 
intraocular use did not alter endothe- 
lial cell function or ultrastructure. 

Transient corneal edema has been 
noted clinically following the intraoc- 
ular injection of commerically avail- 
able 0.01% carbachol during intra- 
ocular lens implantation.’ In our ex- 
periments, rabbit corneas that were 
perfused for 15 minutes with commer- 
cially available intraocular 0.01% car- 
bachol demonstrated marked altera- 
tion of endothelial cell physiology in 
the first hour, during which they 
swelled 53 + 12 u/hr (Fig 1). Howev- 
er, anatomically there were no sub- 
stantial changes in endothelial cell 
appearance (Fig 4 through 6). The 
return of the corneal swelling rate to 
values comparable with those for 
controls in the second and third hours, 
and normal endothelial cell morpholo- 
gy at three hours demonstrates that 
no permanent endothelial cell damage 
resulted from the perfusion. However, 
these were normal, healthy rabbit 
corneas, and caution may be advised 
in the use of 0.01% carbachol intra- 
ocularly in corneas with compromised 
endothelial cells, such as are found in 
patients with guttata or in penetrat- 
ing keratoplasty. 
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$45.00 


PHACOEMULSIFICATION AND ASPIRATION: 

KELMAN TECHNIQUE OF CATARACT REMOVAL 
PHACOEMULSIFICATION AND ASPIRATION: KELMAN TECHNIQUE OF 
CATARACT REMOVAL: Charles D. Kelman, M.D. Written by the 
genius who first developed phacoemulsification, this book will never go 
out of date because it is both the primer and advanced book on this 
subject. A classic book to buy and keep. fe 


ATLAS OF ORBITAL RADIOLOGY 
ATLAS OF ORBITAL RADIOLOGY: Judah Zizmor, M.D. and Guido 
Lombardi, M.D. This is the standard reference for ophthalmologists, 
otolaryngologists, and radiologists for understanding both routine and 
complex bony orbital problems. 

$25.00 


RECONSTRUCTIVE SURGERY OF THE EYELIDS AND 


OCULAR ADNEXA 
RECONSTRUCTIVE SURGERY OF THE EYELIDS AND OCULAR ADNEXA: 
Alston Callahan, M.D. Published in 1966, but includes a 1977 


update. 
$35.00 

Order Form: 

— —— Ocular and Adnexal Tumors: Frederick A. Ja- — $100.00 
kobiec, M.D. 

— ——. Ophthalmology: The Art, The Law, and a Bit — $ 20.00 
of Science: Jerome Bettman, M.D. 

— —— Anatomy of the Orbit (2nd Ed.): Crowell $ 20.00 
Beard, M.D. and Marvin H. Quickert, M.D. 

— —— Management of Complications in Ophthalmic $ 55.00 
Plastic Surgery: David B. Soll, M.D. 

___ Surgery of the Lids and Lacrimal System: $ 45.00 
Lester T. Jones, M.D. and John L. Wobig, 
M.D. 

— —— Phacoemulsification and Aspiration: Charles $ 42.50 
D. Kelman, M.D. 

— — Atlas of Orbital Radiography: Judah Zizmor, $ 25.00 
M.D. and Guido Lombardi, M.D. 

— ——. Reconstructive Surgery of the Eyelids and $ 35.00 
Ocular Adnexa: Alston Callahan, M.D. 

Name . 

Address 

A0-10/78 
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In the application of topical ocular solutions, 





"Pouch" technique quadruples 
the amount of solution 
retained in the eye 











Have patient put head back. Gently 
pull lower eyelid away from eye to 
make a pouch. Have the patient look 
up. 


2 


Put one drop into the cul-de-sac 
(conjunctival pouch) without touching 
the eyelid or lashes. 








NEOSPORIN 


3 Ophthalmic 
FANN v | Have the patient look down, then T a à 
TON gently lift the lower eyelid and make Solution S | 
AMI contact with the upper lid. teri e 





(Polymyxin B-Neomycin-Gramicidin) 


x Burroughs Wellcome Co. 
4 Research Triangle Park 
Have patient keep eye closed for one Wellcome / North Carolina 27709 


or two minutes so blinking doesn't 
activate lacrimal pump. 


The use of the “pouch” method of applying Neosporin® 
Ophthalmic Solution or Ointment is recommended as good medical 
technique. In the eye, this product's triple-overlapping antibiotic 
formula is effective against a wide range of gram-negative and 


gram-positive bacteria. Efficacy has been proven in millions of uses ja 
over the past 20 years. 


l. Fraunfelder FT, Hurwitz J, Marsey M: Presentation at Las Vegas Meeting of 

Association for Research in Vision and Ophthalmology and the American Academy 

of Ophthalmology and Otolaryngology, Oct 6, 1976, as reported in Clinical Trends in . 
Ophthalmology, April 1977. d ^ 


In a controlled study comparing a variety of common techniques, retention of eye 
drops on the eye after a five-minute interval went from 1696 to 5396 when the pouch 
technique was utilized in the under 20 age group. A 6496 retention rate was > 
achieved in the 50-60-year-old age group. See adjacent page for brief prescribmg information. 
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NEOSPORIN* 
Ophthalmic 
Solution Sterile 


(Polymyxin B- 
Neomycin- Gramicidin) 


Each cc contains: Aerosporn ° brand 
Polymyxin E Sulfate 5,COO Units; neomycin 
sulfate 2.5 mg (equivalent to 1.75 mg neo- 
mycin base) gramicidin 0.025 mg. Vehicle 
contains alcohol 0.5%, thimerosal (preserva- 
tive) 0.001% and the inactive ingredients 
propylene arycol, polyoxyethyylene poly- 
oxypropyleme compound, sodium chloride 
and purifiec water 


NEOSPORIN" 
Ophthalmic 
Ointment Sterie 


(Polymyxin B- 
Bacitracin-Neomvcin) 


Each gram contains: Aerosporin® brand 
Polymyxin 3 Sulfate 5,000 Jnits; zinc baci- 
tracin 400 Units; neomycirnsulfate 5 mg 
(equivalentto 3.5 mg neomycin base); 
special white petrolatum as. 

Brief Disclosure below applies to the solu- 
tion and ointment. 

INDICATIONS: For the shert-term treatment 
of superficial external ocular infections 
caused by erganisms susceptible to one or 
more of the antibiotics. 


CONTRAINDICATIONS: 
Contraindicated in those persons who have 
shown sensitivity to any ofthe components. 


WARNINGS: 

Prolonged use may result m overgrowth of 
nonsusceptible organisms Ophthalmic Oint- 
ment may retard corneal healing. 


PRECAUTIONS: 
Culture and susceptibility testing should be 
performed during treatmeat. 

Allergic cross-reactions may occur which 
could prevent the use of any or all of the 
following antibiotics for the treatment of 
future infections: kanamyain, paromomycin. 
streptomyein, and possibly gentamicin. 


ADVERSE REACTIONS: 

Neomycin :s a not uncommon cutaneous 
sensitizer. Articles in the current literature 
ndicate ar increase in the prevalence of 
»ersons aliergec to neomycin. Complete 
iterature available on request from 
?rofessioral Services Dert. PML. 


e" 
d rroughs Wellcome Co. 


Research TrianglePark 
Welcome / Worth Carolina 27709 





: i 


in depth studies 
of the health 

care systems of 
Britain and France 


How they operate 

and what they mean 
to users and to people 
who work in them. 


Britain's health care system is pre- 
dominantly nationalized. France of- 
fers its citizens a national health and 
social insurance plan. These compre- 
hensive references cover each system's 
evolution. . .operation. ..application. .. 

problems...achievements...and  per- 
sonnel. 


The French Health Care System 
(OP-460) costs $3.50; The British 
Health Care System (OP-461), $7.50. 
The set is $10. To order your copies, 
write Order Dept., AMA, 535 N. Dear- 
born St., Chicago, Ill. 60610. 





The Quiet 


Communicator 


The Keeler/Diversatronics' Call 
System means quiet communica- 
tions. Quicker and mcre efficient 
than the telephone intercom, the 
Call System is a non-verbal, inter- 
office signalling devicewsing color 
codes and flashing lights to mon- 
itor the status of examination 
rooms, doctors and staff. And your 
simply-installed Call System can 
be tailored to suit the particular 
needs of your busy office. 


Get the lights that mean action... 
the Call System. Call or write for 
details and specifications. 


KEELER /DIVERSATRONICS 


456 Parkway, Broomall, Penna. 19008 * (215) 353-4350 
New York 





San Francisco 


Los Angeles 
Cleveland 






. Houston 
^ Atlanta 
4 














We can do 
much more 
together. 
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THE ALCON NEEDLE. 

INCOMPARABLE SHARPNESS | 
DESIGNED FOR TODAY'S 
MODERN TECHNIQUES. 


Exquisitely Sharp — allows 


precise placement, greater 








control 
Starts Sharp and Stays Sharp 
— allows precise control, pass 
Sharpened to the Widest 
EU Point — less tissue drag 
Modern Needle Design — 
side cutting "C" series o 
needles features me eit point 
geometry tor ease of 
penetration 
Sized to Suit Your Tech- - * 
nique — The exquisite "C" se 7 = Fine Wire Sizes C" needles 
ries is available in a wide variety ‘ are available in finest wire di- 
sizes so that you can pick the uy ameters 006 inches and .008 
ine best suited for each . inches create suture tracts 
rocedure REM suited for todav s fine sutures 
A More Complete Closure Popular sutures. Alcon needles 
System totally designed with | are swaged to the suture materials 
todays ophthalmic surgeon in `. most needed for todays modern 
mind. 1 bh. techniques. Stringent quality 
Exquisitely sharp needles. control insures that all exceed j 
The “C” series of needles has U.S.P. specifications. 
already gained the respect of 
discriminating surgeons. Also THE ALCON 
available: specially designed CLOSURE SYSTEM. 
scleral needles, “T” series; and ~ Developed because you asked 
reserve cutting needles, ^ for it. 
“B” series. For further information please write ... 
Modern packing. Assist-O.R.™ Alcon Surgic al. 
Pak was designed to end difficult 
handling problems and to | | ES Surgical Products Division 
h dl h aL Lx cadi cl aM Rs ta Alcon Laboratories, Inc. 
present a's arp needie at the PO Bo% 1959 
surgical site. ©) 1978 Alcon Laboratories, Inc. Fort Worth, Texas 76101 - 


New— 


1. SURGERY OF THE EYE 


By E.D. DORRELL, F.R.CS.; with a contribution by J.R.O. 
COLLIN, F.R.C.S. 

This new work describes and illustrates in step-by-step detail 
, à Wide range of surgical @erations performed on the eye. All 
aspects of surgery are covered including indications for each 
operation as well as recommended techniques. An introduc- 
tion covers the principles and practice of eye surgery, and 
reviews surgical instruments, procedures, preparation of the 
patient and anesthesia. The bulk of the book is organized 
according tc the differert parts of the eye, and the various 
operations performed tc correct disorders of each region. 
Explicit line drawings llustrate the surgical procedures 
described. A final chapter deals with surgical treatment of 
trauma and infection of the eye. 


217 pazes/319 illustrations /1978/$28.50 


2 ATLAS OF THE OCULAR FUNDUS 
Photographs of Typical Changes in 


Ocular and Systemic Disease 


2nd Edition 
By HANS SAUTTER, M2.; WOLFGANG STRAUB, M.D.; and 
HERMANN ROSSMANN, M.D. 
This atlas, composed entirely of funduscopic studies with 
concise, informative caotions, provides a valuable pictorial 
4 record of various conditions of the fundus. The normal and 
anomalous fundus are pictorially contrasted, and the bulk of 
the book deals with various diseases, both local and 
systemic. More than O full color photographs illustrate 
pathological conditions and are arranged to present related 
diseases in close sequeace. Many “before and after" studies 
are shown. 


160 page: /331 illustrations, 325 in full color 
2nd edition, 1977/$49.00 


3. ATLAS OF 


OPHTHALMIC SURGERY 


2nd Edition 
By JOHN HENRY KINGS, M.D., F.A.C.S.; and JOSEPH A.C. 
WADSWORTH, M.D. 
The second edition of masterful and comprehensive text in 
ophthalmic surgery is presented in 14 sections dealing with 
every partof the eye, pus the handling of intraocular foreign 
bodies, and instrumentation required for each surgical 
procedure. Every procedure includes brief descriptions of the 
disease, indications and contraindications for surgery, 
patient preparation, anatomical considerations, anesthesia, 
techniques and instruments, precautionary steps, variations 
and alternative procecures, and complications. 


631 pages/282 illustrations 
2nd edition, 1970/$40.00 


4. COLOUR ATLAS AND 
CRITERIA OF FUNDUS 
CHANGES IN HYPERTENSION 


By KIMIHO IRINODA, M.D. 

This color atlas offers the diagnostician an extraordinarily 
accurate basis for comparing fundus changes and their 
relationship to hypertensive states. Ninety-one full color 
plates depict cardinal changes in the retinal arterioles as well 
as accompanying retinal lesions such as hemorrhage or 
white spots. All diagnostic criteria of hypertension as exem- 
plified in the ocular fundus are shown, graded, and classi- 
fied. 


141 pages/91 color illustrations/ 1971/$19.00 


s. OCULAR PATHOLOGY 


New (3rd) Edition 

By C.H. GREER, M.B., B.S., F.R.C.P.A., F.R.C.Path. 

This new edition has been updated with the latest knowledge 
in the field. Many new illustrations have been added and the 
nomenclature for tumours and tumour-like conditions 
follows that most recently recommended by the WHO 
committee on the histological classification of ocular and 
adnexal tumours. 


about 300 pages/about 100 illustrations 
3rd edition, 1978/about $40.00 


Lippincott 


J.B. Lippincott Company 
East Washington Square/ Philadelphia, Pa. 19105 


In Canada: 
J.B. Lippincott Company of Canada Ltd. 
75 Horner Avenue Toronto, Ontario M8Z 4X7 


Please send me the books | have circled: 





1 2 3 4 5 
Address V PLE 

City Lm Se 

DS S gie Me: AAR RRS Sef 





O Payment enclosed (save postage & handling) 


O Charge & bill me (plus postage & handling) 
Also available at your medical bookstore 
AO-10/78 
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. | 10th ANNUAL ESTELLE DOHENY EYE FOUNDATION 
| CONFERENCE 


DIAGNOSTIC TECHNIQUES 
IN OPHTHALMOLOGY 


Practical Aspects of Interpretation and Therapy 





ED ESTELLE DOHENY EYE FOUNDATION 


University of Southern California Health Sciences Campus, 
Los Angeles, California 


E December 14, 15, 16. 1978 


E Ultrasonography—Electrophysiology—Orbital Diagnosis—Office Diagnostic Techniques—Fluorescein Angiography—9ncology/ 
i Pathology/Clinicopathologic Correlations 


| Thursday: Basics A & B Scan, Exam Techniques, Intraocular Diagnosis, Vitrectomy Evaluations, Pre-operative Cataract 
P Evaluation, Intraocular Foreign Bodies, Retinal Physiology, ERG, EOG, VER, Clinical Applications of Electrophysiology, Color 
| Vision Testing, Specular Microscopy, Tear Deficiency, Visual Acuity, Brizht Flash 


Friday: Radiological Techniques in Orbital Diagnosis, Computerized Tomography, Ultrasound & Doppler in Orbital Diagnosis, 
Laboratory Diagnosis of Thyroid Disease. Drugs in Ocular Diagnosis, Background, Basics & Perspectives in Fluorescein 
$ Angiography, Retinal Vascular Disease, Diabetes, Intraocular Tumors, Iris Angiography, Macular Diseases 


k Saturday: Melanotic Epibulbar Lesions & Syndromes, Cornea and Conjunctival Epithelial Tumors, Cytology in Ocu ar 

Diagnosis, Iris Tumors, Lid Lesions, Intraocular Melanomas, Oncology and Ocular Melanomas, Lymphoid Tumors. Electron 
. Microscopy, Participating Workshops in Ultrasound, Pathology, Microscopy, Microbiology, Electrophysiology and Photogra- 
r phy. 


r The Estelle Doheny Memorial Lecture The A. Ray and Wendell C. Irvine Memorial Lecture 
y Lorenz E. Zimmerman, M.D. William F. Hoyt, M.D. 
GUEST FACULTY ESTELLE DOHENY EYE FOUNDATION—USC FACULTY 
Robert Y. Foos, M.D. James R. Brinkley, M.D. Richard Ober, M.D. 
Sandra Frazier Byrne Kenneth R. Diddie, M.D. Thomas E. Ogden, M.D., Ph.D 
Kenneth J. Hoffer, M.D. Jerry F. Donin, M.D. Ralph S. Riffenburgh, M.D. 
i William F. Hoyt, M.D. A. Ray Irvine, Jr., M.D. Stephen J. Ryan, M.D. 
Fred A. Jakobiec, M.D. Robert J. Lukes, M.D. Charles J. Schatz, M.D. 
1 Barry M. Kerman, M.D. Sidney Mandelbaum, M.D. H. John Shammas, M.D. 
| Michael J. Mastrangelo, M.D. Bill Milam Ronald E. Smith, M.D. 
Thomas H. Newton, M.D. Don Minckler, M.D. Alan A. Snyder, M.D. 
Karl C. Ossoinig, M.D. A. Linn Murphree, M.D. Mel Trousdale, Ph.D. 
Joel Pokorny, Ph.D. Anthony B. Nesburn, M.D. T. R. Wood, M.D. 
Jerry A. Shields, M.D. John Nicoloff, M.D. 


Lorenz E. Zimmerman, M.D. Tuition: $250 (includes course abstract, luncheons, 


social hours, coffee breaks and dinner dance). 


Certified for 21 hours credit, Category I, AMA, CMA Continuing Medical Education 
CONFERENCE DIRECTOR: Don Minckler, M.D. 


For Application: 
Conference Office, Estelle Doheny Eye Foundation, 1355 San Pablo, Los Angeles, CA 90033 
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d : meter soft lenses is now made possible by SOFT- C 
pie SERT." 
Ao No more groping and searching for a dropped lens. 


No more inverting back against the finger problems. 
Less handling also reduces the risk of contamina- 
tion and damage. 


SOFT-SERT™ holds the soft contact lens securely, yet 
there is immediate and automatic release of the lens upon con- 
tact with the eye. The soft, resilient rubber cup offers peri- 
pheral support preventing the soft lens from inverting after a 
less-than-perfect insertion attempt. 


SOFT-SERT™ can be easily disinfected by either 


boiling or conventional cold disinfection techniques. 


SOFT-SERT’S™ novel unifit finger attachment leaves 


both hands free to manipulate the eyelids, if necessary. Statis- 
s TM tics show that one out of every five patients has a problem with 
SO FT -SERT contact lens insertion. The next time you have a problem 
; atient. 
Packaged six to a box, comes complete with 3 2H 
simple instructions. Available in two sizes: THINK SOFT-SERT 
or better yet, be prepared and order a supply now. 


SOFT-SERT" 12 SOFT-SERT" 





Is recommended for soft contact lens diameters THAT INGENIOUS LITTLE DEVICE THAT MAKES 

from 12.5 to 14 mm. SOFT CONTACT LENS INSERTION EASY 

HP meo sut oe NA GNED NEQU GN NND ND FUN UG UN UNS "3 FED oe LRL LIA LE | 

TM B sorr.sERT" INC. ë 

SOFT-SERT 14 M P.O. BOX 376 g 

: ll CEDARHURST, N.Y. 11516 & 

Is recommended “or soft contact lens diame- B Fpirsce exilia radar EE i 
—— — ————— ——- Box(es) of SOFT-SERT™ 12 (et 13.50 per box 

ters me 1 4qmm. : : Tete uod of SOFT-SERT" 14 i bo c vix : 

"HELPFU L H i NT: The practitioner can : deve: - 

Reifen ' g ADDRESS a 

use SOFT-SERT™ with confidence to insert aphakic or B cons STATE zb h 

other difficult-to-handle soft contact lenses during the i A ope Tae EI E CL u 

fitting procedure. E CHECK OR MONEY ORDER MUST ACCOMPANY YOUR ORDER $ 

PATENT PENDING lb oom sun m um m m m n m m cu im c c GR UR D S D Us T s m ww 
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FIFTY-SECOND ANNUAL 


NEW YORK EYE AND 
EAR INFIRMARY 


CLINICAL CONFERENCE 


"ANTERIOR SEGMENT SURGERY” 


New Techniques 


Controversies 


Complications 


MAY 17-18, 1979 
MARRIOTT'S ESSEX HOUSE 


NEW YORK CITY 






If you 
order blood 
you need... 


var v 


General Principles of 


LEELA PPI ALP PLO TORE MEE 


The 1977 edition of General Prin- 
ciples of Blood Transfusion is 
available from the American Medical 
Association. Completely revised and 
updated, this exceptional overview 
brings you the best of informed opin- 
ion and experience in the field of, 
transfusion. | 


Among the topics listed in the 
table of contents are: 


e Responsibility of the Clinician 
in the Transfusion Service 

e Clinical Indications for the Use 

of Red Cell Concentrates 

Management of Shock 

Massive Transfusions 

Autotransfusions 

Management of Hemorrhagic 

Diseases 


General Principles of Blood Transfu- , 
sion is the only book of its type. If you 
order blood or blood components for 
your patients, you need this 
authoritative text. Use the coupon to 
order your copy today! $3.00 
Order Department OP-267 S/J 
American Medical Association 

535 N. Dearborn Street 

Chicago, IL 60610 

Please send copy(ies} of General 
Principles of Blood Transfusion, OP-267, 
at $3.00 each. 


Name 
Address I Wo 
City _ T 
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You and Nikon. 
Discovering optics 
and illumination 

` inan ophthalmometer 
that runs "MA 1 
rines around | 
theothers. 






Literal rings. A fluorescent ring illuminator that makes 
clear observation possible in a fully lighted room. Two- 
image coincidence focusing for precise measurement of 
corneal curvature. New human-engineered controls and 
shortened working distance for speed and efficiency. 
Topped off by superb Nikon optics. All in the new Nikon 
Ophthalmometer-Il. 

The illumination system, with opal glass frontpiece for 
color correction and easily replaceable fluorescent ring- 
lamp, reduces power consumption and heat generation. 

The two principal meridians are easily determined by 
a control handle on the compact body. Two independent 
control knobs permit simultaneous measurement of verti- 
cal and horizontal axes. The illuminated axes scales are 
visible in the viewfinder. Instrument-to-patient alignment 
is fast and precise. Every control is at the practitioner's 
fingertips. Few ophthalmic instruments are as well- 
designed as the new Nikon Ophthalmometer-II. 

Complete details are available from Nikon Inc., Instru- 
ment Division, Ophthalmic Dept., Ehrenreich Photo- 
Optical Industries, Inc., 623 Stewart Ave., Garden City, 
N.Y.11530;(516) 222-0200. Look to Nikon 
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ULTRASONIC FRAGMENTATION (USF) 
FOR INTRAOCULAR SURGERY 


LECTURES AND SURGICAL WORKSHOP 
November 30-December 2, 1978 
Louis J. Girard, M.D., Course Director 
Rowland S. Hawkins, M.D. 


Glen L. Oliver, M.D. 
Edward E. Shubert, M.D. 


CATARACT EXTRACTION: congenital, traumatic, senile, subluxated, dislocated, secondary. 


COMPLICATIONS OF INTRAOCULAR SURGERY: vitreous loss, bullous keratopathy, hyphema, pupillary block 
glaucoma, updrawn pupil, iridocapsular membranes, cystoid macular edema and retinal detachment. 














VITRECTOMY: uveitis, hemorrhage, proliferens. 


TRAUMA: contusion, laceration with prolapse of iris, prolapse of iris and lens, prolapse of iris, lens and vitreous, 
. laceration of sclera. 


SPECIAL CONDITIONS: cysticercus, PHPV, RLF. 


FEE: $600.00 4126 Southwest Freeway 
suite 500 

Houston, Texas 77027 

(713) 965-0700 
















.. FISON'S RETINAL Er dar 
| Scientific Basis of Retinal Detachment Surgery 
-DETACHMENT SURGERY 


-edited by Arthur S.M. LIM, F.R.C.S., F.R.A.C.S. 
Vill + 88 pages. 87 illustrations. 79 colour plates. 
Approx. US $39.00 (Asian Edition US $30.00) 


ə 
e Cryotherapy, Diathermy and Photocoagulation 
e Local Plombage and Encircling Techniques 
e Drainage of Subretinal Fluid 
e Prophylaxis 
e Special Problems 
e Vitreous and Vitreous Surgery 
e Surgical Complications—Avoidance and Treatment 
e Surgical Complications—Recurrence of Detachment 
E Post-operative Management and Follow-u 
"This is a very good book because it has a S i : ü j 
Eft rder from: 
clear purpose which it fulfils admirably. That Europe and all'other countries: 
purpose is to supply a practical guide to the S Karger AG 
management of retinal detachment. It is clearly ^ Arnold-Bocklin-Strasse 25 
CH-4011, Basel, Switzerland. 
written in a concise form with many short 
headings so that specific points can easily be Asia and Australasia: 


discovered. Many excellent colour illustrations P G Medical Books 
441 Tanglin Shopping Centre 


and relevant diagrams are so well integrated with 19 Tanglin Road 
the text that the information imparted is more Singapore, 10. 
practical than found in many longer books..." Please send me a copy/............ copies of ‘a 
British Medical Journal. Fison’s Retinal Detachment Surgery. 
My cheque for is enclosed. 





ZANA S. Karger 
TOLL Basel * Munchen * Paris * London Address... A UEM cS eee 
CU» New York * Sydney. 
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Calender of Events 


1978 


October 


American College of Surgeons Clinical Con- 
gress, San Francisco, Oct 16-20. 

Controversial Aspects in Ophthalmology, Kan- 
sas City, Mo, Oct 21. 

American Academy of Ophthalmology, Kansas 
City, Mo, Oct 22-26. 


November 


Cornea and External Diseases, Memorial Hospi- 
tal Center, Long Beach University of Califor- 
nia, Irvine, Nov 8-9. 

Southern Medical Association, Atlanta, Nov 11- 
14. 

Implant Surgery Seminar, St John's Mercy Medi- 
cal Center, St Louis, Nov 12. 

Advances in Ocular Therapeutics, Edward S. 

n Harkness Eye Institute, New York, Nov 16- 
17. 

Problems in Pediatric Ophthalmology, Universi- 
ty of California, San Francisco, Nov 29- 
Dec 1. 

Kansas City Society of Ophthalmology and 
Otolaryngology, Kansas City, Mo, Nov 30- 
Dec 1. 


December 


Postgraduate Course, State University of New 
York, Syracuse, Dec 1-2. 

Welsh Cataract Surgical and Intraocular Lens 
Congress, Houston, Dec 2-6. 

Aphakia Symposium, Cerromar Hotel, San Juan, 
Puerto Rico, Dec 26-Jan 1. 


2 1979 


January 


International Glaucoma Congress, Las Vegas, 
Jan 15-16. 

OKAP and Written Examination, American 
Board of Ophthalmology, Jan 20. 

Winter Meeting, Utah Ophthalmological Society, 
Alta, Utah, Jan 25-27. 


q February 


Washington State Academy of Ophthalmology, 
Seattle, Feb 1-3. 
Midwinter Meeting of the Colorado Ophthalmo- 
b logical Society, Steamboat Springs, Colo, Feb 
+ , 3-7. 


Arch @phthaimol—Vol 96, Oct 1978 








P F 
-* 


Latin American Council on Strabismus, Mede- 
llin, Colombia, Feb 16-20. 

Pan-American Congress of Ophthalmology, 
Miami Beach, Fla, Feb 23-March 3. 


March 


New Orleans Academy Symposium on Cornea, 
Hyatt Regency, March 31-April 4. 


April 


Intraocular Lens Symposium, Century Plaza 
Hotel, Los Angeles, April 8-11. 


May 


International Congress on Intraocular Implants, 
Paris, May 2-5. 

Ophthalmology Conference, University of Michi- 
gan, Ann Arbor, May 10-11. 


June 


International Society Clinical Electrophysiology 
of Vision, Friedrichroda, German Democratic 
Republic, June 5-10. 

International Congress on Phacoemulsification 
and Cataract Methodology, Rio de Janeiro, 
June 27-29. 


September 


International Orthoptic Congress, Berne, Swit- 
zerland, Sept 4-6. 


November . 


American Academy of Ophthalmology, San 
Francisco, Nov 5-9. 


1980 


April 


International Symposium on Herpetic Eye 
Diseases, Freiburg, Germany. April 16-18. 

European Ophthalmological Congress, Brigh- 
ton, England, April 21-25. 


November 


American Academy of Ophthalmology, New 
Orleans, Nov 14-17. 
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News and Comment 


Course in Contact Lens Fitting.—The 
Rudolph Ellender Medical Foundation 
will present its 19th Annual Instruc- 
tional Course in Contact Lens Fitting, 
March 29-30, 1979, in New Orleans. 
For further information contact Dr 
Joseph A. Baldone, Roof, Delta Tow- 
ers, New Orleans, LA 70112. 


Ectopia Lentis Owing to Homocystin- 
uria: Request for Contact With Fami- 
lies.—The cooperation of physicians is 
requested on a project that seeks to 
determine whether heterozygotes for 
homocystinuria, cystathionine syn- 
thase deficiency type, are at increased 
risk for some of the abnormalities 
that are prominent in homozygotes 
for this condition. This project is 
currently being carried out by Drs 
Harvey Mudd, National Institute of 
Mental Health, Bethesda, Md and 
Harvey Levy, Massachusetts General 
Hospital, Boston. They are soliciting 
the cooperation of any physician who 
is in touch with families with homo- 
eystinuric patients and who is willing 
to send a questionnaire to such fami- 
lies. The questionnaire is brief (one 
page) and concerns the health status 
of the parents and grandparents of 
affected patients. Interested physi- 
cians are asked to contact Dr Mudd, 
Bldg 32A, Room 101, National Insti- 
tute of Mental Health, Bethesda, MD 
20014; telephone, (301) 496-3528. He 
will provide the questionnaire, as well 
as a suggested covering letter explain- 
ing the project to the family, and a 
consent form. 

Patients with the cystathionine 
synthase deficiency type of homo- 
eystinuria often come to medical 
attention because of dislocation of the 
optie lenses, or complications second- 
ary to such disloeation. Physicians 
who know of patients with ectopia 
lentis of uncertain etiology are invited 
to submit urine samples from such 
patients. Amino acid analysis for 
homocystine is offered, at cost, by Dr 
Harvey Levy, Amino Acid Laborato- 
ry, Massachusetts General Hospital, 
Boston, MA 02114 (telephone, [617] 
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126-3885), as a means of making the 
diagnosis. A small random voided 
specimen is satisfactory. Dr Levy will 
send directions and a shipping con- 
tainer for the specimen. 


Washington State Academy of Oph- 
thalmology Meeting.—The Annual 
Presidents Meeting of the Washing- 
ton State Academy of Ophthalmolo- 
gy will be held in Seattle Feb 1-3, 
1979. The topic of the meeting is 
strabismus. Guest speakers will in- 
clude Drs Eugene Helveston, Arthur 
Jampolsky, Marshall M. Parks, and 
William Scott. For further informa- 
tion contact Dr H. Greer Nielsen, 
14253 R Ambaum Blvd SW, Seattle, 
WA 98166. 


Colorado Ophthalmological Society.— 
The Midwinter Meeting of the Col- 
orado Ophthalmological Society will 
be held Feb 3-7, 1979, at the Steam- 
boat Village Inn, Steamboat Springs, 
Colo. Guest speakers will be Drs 
Marshall Parks, Ron Burde, Dick 
Simmons, and Herve Byron. For 
further information write to Dr Wil- 
liam E. Smith, 1601 E 19th Ave, Den- 
ver, CO 80218. 


University of California Annual 
Course.—The annual course of the 
University of California in San Fran- 
cisco will be held Nov 29-Dec 1 on 
“Problems in Pediatric Ophthalmolo- 
gy." The guest faculty consists of Drs 
Frank A. Billson, John Flynn, Andrew 
McCormick, Marshall Parks, Robert 
Reinecke, David Taylor, Gunter K. 
von Noorden, and David S. Alton. Dr 
Reinecke will hold the Proctor Lec- 
ture. For further information contact 
Extended Programs in Medical Edu- 
cation, University of California, 1308 
Third Ave, San Francisco, CA 94143. 


Ophthalmology Study  Guide.—The 
American Academy of Ophthalmology 
announces a third edition of the 
Ophthalmology Study Guide for Stu- 
dents and Practitioners of Medicine. 
This study guide has been developed 
as an initial orientation to ophthal- 
mology for medical students. It is 
appropriate as a curriculum guide for 
courses for ophthalmic assistants, 
nurses, or general practitioners who 
want to “brush up” on ophthalmic 
skills. 

To order, please write to the Acade- 
my Headquarters Office, 15 Second St 
SW, Rochester, MN 55901, and include 
the payment of $6 for each copy or- 


dered. An additional 75 cents per 
study guide is required for orders 
mailed outside the North Ameriean 
continent (US, Canada, ard Mexico). 
Payment is to be made at US dollar 
equivalency at current rate of ex- 
change. All orders originat ng outside 
the United States will be fillec on 
receipt of either (1) a draft written on 
a US bank for US currency, or (2) a 
cashiers check on a foreign bank for 
foreign currency at the current US 
conversion rate. 


Research to Prevent Blindness 
Awards.—Research to Prevent Blind- 
ness, Inc, has announcec that Dr 
Daniel M. Albert, professor of oph- 
thalmic pathology at Harvard Medical 
School, Boston, is the winner of the 
Second Annual Research to Prevent 
Blindness-William and Mary Greve 
International Scholars Award. The 
award was conferred by the truszees 
in consideration of Dr Al ert’s pio- 
neering research in the etiology and 
pathogenesis of ocular tumers, partic- 
ularly retinoblastoma and malignant 
melanoma. 

At the same time two annual schol- 
ar awards were announced. One went 
to Dr Ronald E. Smith at the Univer- 
sity of Southern California, Los 
Angeles. He received the 1978 Re- 
search to Prevent Blindness-James S. 
Adams Scholars Award for Fis innova- 
tive work in ocular histoolasmcsis. 
The 1978 Research to Prevent Blind- 
ness-Robert E. McCormick Scho ars 
Award went to Dr Thom J. Zimmer- 
man of Louisiana State University, 
New Orleans, for his research in glau- 
coma, especially in the new f-adrerer- 
gic blocker, timolol. 


Kansas City Society of Ophthalmolo- 
gy and Otolaryngology Meeting.—'"he 
Kansas City Society of Opkthalmolo- 
gy and Otolaryngology will hold its 
annual meeting on Nov 30-L ec 1,1978, 
at the Hilton Plaza Inn in Kansas 
City, Mo. For further information 
contact Roger A. Weis, executive 
director, 3036 Gillham Rd, Kansas 
City, MO 64108. 


Kresge Eye Institute Travel Stipend.— 
The graduates of the Kresge Eye 
Institute have established ar "H. Saul 
Sugar Educational Travel 3tipen4." 
This stipend will be awarded to the 
second year resident in the Kresge 
Eye Institute program who displzys 
the highest ability academically, sar- 
gically, and clinically. : 
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The wetting solution that starts your 
patients off with more comfort than ever. 


Now you can recommend a wetting solution 
that makes the hard contacts your patients 
wear feel more comfortable: new formula 
Visalens? In tests" with people who wear hard 
contacts, those who expressed a preference 
preferred new Visalens to the original formula 
for its wetting action and its ability to lubricate 
and moisten lenses. People also liked the way 
new Visalens keeps eyes moist and provides a 
thick, more comfortable cushion between the 
lens and the eye on insertion. 

We have also reformulated Visalens Soaking/ 
Cleaning Solution, the new antiseptic solution 
with special ingredients formulated to aid in 
cleaning hard lenses (after removal) of ocular 
secretions. 

So for your parients who wear hard contacts, 
recommend new Visalens Soaking/Cleaning 
Solution — and recommend the wetting solu- 
tion that makes nard contacts feel more com- 
fortable: new formula Visalens. 


*VISALENS REFORMULATION STUBY *6341-1 


From the makers of Visine. 
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» Visine Professional sample kit on request. 


To receive free samples (one dozen each of new Visalens Wet- 
ting Solution and new Visalens Soaking / Cleaning Solution) for 
your patients, just fill out the coupon below. 





















Name 





Please Print 


Wettin 
.Solutic 
. for f 


contact et -—-XÀ 9 City aoo E a a a — 


Address ee sone 


Zip 


Mail to: Visalens Redemption Center, Leeming Division, Pfizer Inc., 100 Jefferson 
Road, Parsippany, N.J. 07054 
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less size 
less weight 
less cost 


Kowa gives you less of what you'd expect in a slit 
lamp. Portable and hand-held, the Kowa SL weighs 
only 3% Ibs. And at $1385, it's the least expensive slit 
lamp microscope currently available. But the SL's 
performance and capability put it in the same class as 
the heavyweights. It easily adapts to your patient— 
in or out of the examination room—and functions even 
in a fully-lit environment. Other features include: 
































e Office hanging stand (pictured) with 
automatic on/off control. 

@ ideal for contact lens examination. 

@ Choice of three slit widths or lengths. 

e Built-in green and cobalt filters. 

@ Built-in scale in .05 graduations. 

@ Adjustable spot illumination. 

@ Free from glare or reflection. 

e Optional hruby lens; joy-stick stand. 


Consider cost, convenience 
and capability 

. . . then call for details 

on the Kowa SL. 


Kowd Kowa Company. Ltd. TOKYO, JAPAN kowa AMERICAN CORP., New York, N.Y 10001 ° 
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.. With the future in sight 


456 Parkway, Lawrence Park Industrial District, Broomall, PA 19008 
C r Philadelphia + New York * Boston * Los Angeles * Chicago * Houston « Atlanta « Cleveland 
Call toll free: 800-523-5620 (in PA call 215-353-4350) - All products serviced in Broomall, PA . 
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A lot of elderly patients find eye oay it to yours 












elf: The Eye Computer. 

examinations totally unnerving. And many find It's a logical name for an autorefractor. And a 
themselves unaole to concentrate for more perfect way for patients to describe the 
than a few minutes at a time because of it. Dioptron® II. We expect you'll be hearing a lot 

While sympathy and patience will suffice more requests for it by name. 
for some, at least one brave lady we know IM 
decided she deserved something better. And C@) EYE COMPUTER 
she got it. By asking for the Dioptron® II Eye AISA 


Computer directly. 


Somewhere shed heard that the Eye Yos Conererit | 
Computer lets you relax and be | want more facts on the Eye Computer. 
yourself. Without having to My needs are: O Immediate O 3-6 months | 
respond, without being confused. O Reference | 
And because all the mistakes, Name | 
false-starts and fatigue were gone, Hospital/Clinic | 
an eye examinæion could be | 
completed in ome visit — rather Address ———— 
than a week of short, tedious City | 
sessions. From her own Dag o x^ mod re | 
experiehce, it was the most suc- , ‘AO 10-78 Telephone | 
cessful examination shed ever had. RO RIES Soe romps} SESE! a DD a 


DIOPTRON® and Eye Computer" are registered trademarks for the 
automatic objective refractor manufactured by Coherent, Inc 
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MEDICAL DIVISION 
3210 Porter Drive, Palo Alto, CA 94304 
Phone: 415/493-2111 
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"Nervous" is a label people gave her. 
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Spend just 30 
minutes a week 
with American 
Medical News 








With a heavy patient load and the paperwork 
and the scientific reading you have to do, 
you don’t have the time to sift through a lot 
of different publications to find out what’s 
happening in the practice of medicine. 


One publication gives you all the news you 
need to know: American Medical News! It's 
designed and edited for the busy 
practitioner. Every week American Medicel 
News wraps up all the news in medicine 

in a package that is fast paced, easy 

to read, accurate, and thought provoking. 


American Medical News is must reading 
because you need to keep up-to-date on 
those developments that could affect the 
way you practice medicine. And no other 
publication can match it for timely, 
comprehensive coverage of the news. 


Give American Medical News just 3C 
minutes a week; it will give you all tne news 
you need to know on what's happen ng in 
the practice of medicine. 


Keeping your finger 
onthe pulse of medicine 
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Behind every 
SMP label 
stand three 
generations 

of service to 
ophthalmology 


THERAPEUTICS 


SMP offers the finest quality ophthalmic 
pharmaceuticals to treatglaucoma, ocular 
allergies, inflammation, end infections. And 
Our injectable ophthalmies are used rou- 
tinely in cataract and intraocular lens implant 
surgery. Recently, SMP research has led to 
the development of a special hypotonic arti- 
ficial tear for use in keratoconjunctivitis sicca 
and other "dry eye" states. 


VISION CARE 


Physicians and patients txroughout the world 
are familiar with SMP soletions and acces- 
sories for contact lenses. 


CONTINUING EDUCATION 


SMP sponsorship of popular continuing 
ophthalmology education programs, such as 
the highly respected SMF Film Library and 
Cataract Surgery Symposia, underscore 
SMP's commitment to contribute to the ex- 
pansion of professional kaowledge in the 
field of ophthalmology. 


PRACTICE MANAGEMENT 


SYSTEMS FOR MANAGING YOUR PRAC- 
TICE and OPHLINE, SMF s monthly practice 
management newsletter, provide ophthal- 
mologists with expert consultation on a wide 
'ange of office practice problems. In addi- 
don, both the anique OPHSTART publication 
and resident seminars provide special 
guidelines to ophthalmology residents who 
are just establishing their practices. 


























SMITH, MILLER & PATCH 
Division of Coope- Vision P.R., Inc. 
San German, P.R 00753 
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STOXI 


brand of t — 


IDOXURIDINE | 


a 


The Standard 
for Herpes Simplex 
Keratitis 


STOXIL 


IDOXURIDINE 


Ointment 0.5% 
Solution 0.1% 








* For Epithelial Lesions or as 
an Adjunct in Stromal Lesions 


* Lower Cost than ara-A* 


“Based on manufacturer's suggested list prices. 
Check your local pharmacy for actual patient cost. 








Before prescribing, see complete pre- 
scribing information in SKGF literature or 
PDR. The following is a brief summary. 


Indication: Herpes simplex keratitis (topi- 


cal use only). 


Contraindications: Known or suspected 
hypersensitivity to any of the com- 
ponents. 


Warning: Administer with caution in preg- 
nancy or women of childbearing poten- 
tial. Malformations were reported in one 
study in rabbits when idoxuridine was 
instilled in the eyes of the dams; a sub- 
sequent, more detailed study in rabbits 
showed no such effects, even at sub- 
stantially higher dosages. 


Precautions: If there is no response in epi- 
thelial infections after 7 or 8 days, other 
therapy should be considered. Recom- 
mended frequency and duration of ad- 
ministration should not be exceeded. 
Not effective in corneal inflammations 
if herpes simplex is not present. Boric acid 
should not be used concomitantly. To in- 
sure stability is maintained, the solution 
should not be mixed with other 
medications. 


Adverse reactions: Occasionally, irrita- 
tion, pain, pruritus, inflammation, or 
edema of the eye or lid; rarely, allergic 
reactions have been reported. Photo- 
phobia has occurred. Occasionally, small 
punctate defects (which may be a mani- 
festation of the infection), corneal cloud- 
ing, and stippling of the corneal epithe- 
lium have been observed. 


Supplied: 0.1% Ophthalmic Solution 
(1 mg./ml.) in 15 ml. bottles with 
dropper; 0.5% Ophthalmic Ointment 
(5 mg./gram) in 4 gram tubes. 


Smith Kline GFrench Laboratories 


Division of SmithKline Corporation 
Philadelphia, Pennsylvania 


SIKS&F 


a SmithKline company 
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Control your room lights 
Automatically ` 





BLINKER FIXATION 







MANUAL OVERIDE 





SS ee 
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... with the 
AUTOSWITCH 


One rule of ophthalmology states that room and fixation and indirect ophthalmoscope. 

lighting must be adjusted for an examination. But no rules Space-age construction guarantees years of 

state that you have to waste your time and effort making effortless, automatic lighting. And, for special instances, 

those adjustments. manuel overrides are included*on the control panel. 

Consider, then, Diversatronics’ remarkable Autoswitch. All Send for our brochure and find out more about the Auto- 

you do is lift the instrument you need from its holder on switch. It’s one idea of ours that should make your medical b 
the Autoswitch, and room and fixation lighting are adjusted life a lot easier. 


—automatically—to the proper use of that instrument. 
Replace the instrument, and the room is returned to its 
original lighting. 


Aren't you glad we thought of it? 


























The simply-installed Autoswitch can be fit into any of your | Here's how the Autoswitch works: 

own cabinets in the examination room . . . or you may order Bey .DOETORLITS || POWERTOINSTAUMENT | ROOMLIGHTS | FIXATION LIGHT 
your Autoswitch in one of our special custom cabinets. Up = ——S*RE*ALMOSCOPE are EYE LEVEL 
to four hand instruments may be placed on the Autoswitch ^ ^ [iwommectceHTHaLmoscore | 








SLIT LAMP 
MUSCLE LIGHT 
TRANSILLUMINATOR 





panel (Autoswitch model available for re-chargeable in- 
struments); separate provision is made for the slit lamp 


456 Parkway, Lawrence Park Industrial District, Broomall, PÀ 19008 
| Philadelphia + New York * Boston * Los Angeles * Chicago * Houston * Atlanta + Cleveland m 
Call toll free: 800-523-5620 (in PA call 215-353-4350) - All products serviced in Broomall, PA 
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Hemorrhages After Central Retinal 
Vein Occlusion 


To the Editor.—In the recent article on 
central retinal vein occlusion (CRVO) 
in the ARCHIVES (96:311-323, 1978), 
Hayreh and co-workers present fur- 
ther experimental data purporting to 
substantiate the hypothesis that an 
“ischemic capilaropathy” resulting 
from retinal arterial occlusion is an 
essential factor in the development of 
hemorrhages after CRVO. As our 
views were both eriticized and misrep- 
resented, we wovld like to make a few 
comments, 

We have recently performed similar 
experiments (D. MeLeod, FRCS, E. M. 
Kohner, MD, FRCP, and J. Marshall, 
PhD, unpublished findings, 1978). We 
agree with Hayreh's recent observa- 
tion that retinal hemorrhages, some- 
times in profusion, can result from 
occlusion of the central retinal vein 
alone as it emerges from the optic 
herve sheath ef monkeys (“pure 
CRWO”). Our experimental model cor- 
relates reasonably well with the.clini- 
cal picture of CRVO with hemor- 
rhages. 

Whenever infarction of the inner 
retina is produced by central retinal 
artery occlusion (CRAO) and the 
central vein is also occluded ("com- 
bined CRVO/CRAO"), blood extrava- 
sates from necrotic retinal vessels 
within the infarct after restoration of 
arterial inflow. However, the re- 
spective amounts of retinal hemor- 
rhage resulting from combined 
CRVO/CRAO and pure CRVO in our 
experiments (and in Hayreh’s recent 
report) are the reverse of those 
described in an earlier study.' Fur- 
thermore, in no combined CRVO/ 
CRAO experiment has a fundus 
picture resembliag clinical CRVO 
with hemorrhages been reproduced, 
which is a view now accepted by 
Hayreh, except afzer CRAO of a "cer- 
tain eritical duration." The combined 
CRV@/CRAO myth is now perpet- 
uated on the contrived pretext of the 
results in experimental group 3B; yet, 
by any standards, comparison of Fig 
13 and 1 singularly fails to demon- 
strate the point at issue. 
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There has been only one clinical 
investigation of the combined CRVO/ 
CRAO hypothesis, an examination of 
the respective fundus findings in the 
cilioretinal and central retinal arterial 
territories in patients with CRVO.? 
Where CRVO is associated with 
infarction of the retina in the distri- 
bution of cilioretinal arterioles (and 
we have now seen more than 20 cases), 


hemorrhages are generally less fre- 


quent within the inner retinal infarcts 
than within the central artery territo- 
ry. This observation is contrary to 
that anticipated on the basis of the 


 €ombined artery and vein occlusion 


hypothesis and is also contrary to the 
results in experimental group 4 of 
Hayreh and co-workers. 

In conclusion, we have no reason to 
doubt that the hemorrhagic retinopa- 
thy of CRVO results from venous 
outflow obstruction alone. Reduced 
capillary perfusion ("ischemia") and 
increased capillary transmural hy- 
drostatic pressure are two of the 
consequences of venous outflow ob- 


_ Struction that may be implicated in 


the pathogenesis of these hemor- 
rhages. Experimental CRAO of what- 
ever duration is an inappropriate 
method of investigating the role of 
ischemia in the hemorrhagic sequelae 
of CRVO. The degree to which the 
findings from such combined CRVO/ 
CRAO experiments have been extrap- 
olated to clinical CRVO is unwar- 
ranted. 

DaviD MCLEOD, FRCS 

EvA M. KOHNER, MD, FRCP 

London 


1. Hayreh SS: Occlusion of the central retinal 
vessels. Br J Ophthalmol 49:626-645, 1965. 

2. McLeod D: Cilio-retinal arterial circulation 
in central retinal vein occlusion. Br J Ophthalmol 
59:486-492, 1975. 


In Reply.—I regret that Drs MeLeod 
and Kohner have tried to refute our 
experimental study on the pathogene- 
sis of CRVO (ARCHIVES 96:311-323, 
1978) by a superficial and somewhat 
misguided review of our report and 
misinterpretation of our and their 


own findings. Had they read the 


communication more carefully, it 
would have become evident that the 
sole purpose of our study was to inves- 








tigate the pathogenesis of CRVO and 
not the mechanism of the develop- 
ment of retinal hemorrhages, which 
are a nonspecific sign of a large 
variety of retinopathies. Retinal 
hemorrhages are seen in both entities 
of CRVO, ie, venous stasis retinopa- 
thy (VSR) and hemorrhagic retinopa- 
thy (HR), although they are usually 
far more extensive in the latter than 
the former; however, the extent of 
retinal hemorrhages is not the only 
criterion for diagnosing HR. I 
stressed that “Diagnosis of venous 
Stasis retinopathy or hemorrhagic 
retinopathy is thus arrived at by a 
combination of visual acuity, visual 
field defects, ophthalmoscopie pic- 
tures, and fluorescein angiographic 
appearances (particularly intact reti- 
nal capillaries), and not on any one of 
these criteria individually." McLeod 
and Kohner seem not to have grasped 
the basic concept. However, Kohner, 


in a recent publication? with Laati- 


kainen and other associates, has also 
described the division of CRVO into 
two types and called them (1). 51g ^5 
chemie type" (ie, HR), and (2) "hyper- 
permeability-response macular edema 
type" (ie, VSR). It is ironie that on the 
one hand she should advocate my 
concept of the division of CRVO into . 
two types (using different eponyms) P 
and on the other hand should, in this 
letter, contradict the entire concept of 
such a division! I believe the term 
"hyperpermeability-response macular 
edema type of central retinal vein. 
occlusion”? is an inappropriate and 
also excessively cumbersome term. 
McLeod and Kohner mention their 
recent study involving experimental 
CRVO in monkeys. They presented 
the study at the Retina Workshop in 
Kurashiki, Japan, on May 12, 1978. 
The study was done in only a few 
animals by occluding the central reti- 
nal vein, and their experiments exact- 
ly duplicated the results in our report, 
which they criticize. In one eye they 
claimed to have produced “HR” on 
CRVO alone, but the eye in no way 
fulfilled the various criteria of what I 
have defined as HR in my article,’ 


except that the eye had more retinal __ : 


hemorrhages than usual; there Was, 
for example, no noteworthy retinal 
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closure at all, which is an 
‘al element in the diagnosis of 

©. gus, their interpretation of their 
Xperimental eyes was very 

is and based on an apparent lack 

Y erstanding of the bases differ- 

` ing VSR and HR. Their state- 
"Our experimental model corre- 
easonably well with the clinical 

of CRVO with hemorrhages," 

ot take into consideration other, 

more important aspects of the 

rome of "CRVO"' and is mislead- 


ey commented on the differences 

ż een the findings of my first 
on the subject, which was 
ished in 1965, and the latest 
y. Had they read the recent report 
1e February issue of the ARCHIVES 
e carefully, they would have found 

I was well aware of that and took 

to explain the bases for the 

epancies between the two studies 

18). 

eLeod stresses the importance of 
clinical study of CRVO associated 

cilioretinal artery occlusion*?^ as 

argument against retinal ischemia 
ying any role in the production of 
i. A critical review of his cases, 
boves reveals that all of the cases 
his series were VSR. Also contrary 
what MeLeod has described, in my 
erience these patients fall into 
ee types: 
l. Type 1 consists of a patch of 
tinal infarction in the area supplied 
a cilioretinal artery in eyes with 
SR. All of the cases of McLeod 
long to this type. 
2. Type 2 consists of a patch of HR 
at develops in the area supplied by 
he cilioretinal artery with VSR. This 
ias been described by Oosterhuis’ and 
myself,’ and I have seen further cases 
of this since then. These are somewhat 
less common than the type 1 cases. 

3. Type 3 consists of the whole 
fundus, including the area supplied by 
the cilioretinal artery, showing VSR 
uniformly. As many as about 50%° of 
humans have one or more cilioretinal 
arteries, but the incidence of lesions 













| seen in type 1 or 2 is very low, and the 


AR a tai 





majority of patients most probably 
belong to type 3. It is not entirely 
clear why some eyes with VSR devel- 
op type 1 lesions, others type 2, and 
still others type 3 in the distribution 
of the cilioretinal artery. The occur- 


rence of type 2 lesions, however, does 


refute McLeod’s argument, and sup- 
ports the important role of retinal 
ischemia in the production of HR.** 
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On fluorescein fundus angiography, 
there is one difference between type 1 
and 2 eyes as regards filling of the 
cilioretinal artery: in type 1 the cilio- 
retinal artery usually fills normally up 
to the optie disc and gradually into the 
infareted zone by oscillatory move- 
ments, even when seen at the earliest 
moment after the onset of visual 
disturbance, but in type 2 the artery 
does not fill at all during the initial 
stages after the onset. Thus, it is most 
probably the extent of retinal ische- 
mia that determines whether the area 
of supply by the cilioretinal artery in 
VSR develops type 1 or 2 lesions. In 
fact, the situation seems comparable 
to our group 3A and 3B/4, respective- 
ly, and the findings in these patients 
actually support the views expressed 
by us in our report. 

MeLeod and Kohner stated that 
"Experimental CRAO of whatever 
duration is an inappropriate method 
of investigating the role of ischemia 
in the hemorrhagic sequelae of 
CRVO.” I would say that the method 
used by us, temporary clamping of the 
central retinal artery, is the only 
feasible experimental method of test- 
ing the effect of transient retinal 
ischemia on the retina, a state of 
affairs most probably seen in eyes 
with HR. The retinal ischemia in HR 
(even in some cases of so-called 
CRAO) may be simply due to nonper- 
fusion of the retinal vascular bed 
because of an extreme fall in perfu- 
sion pressure (without actual occlu- 
sion) in the central retinal artery. 
McLeod and Kohner have made no 
better suggestion than our method. 

Their statement that “The degree 
to which the findings from such 
combined CRVO/CRAO experiments 
have been extrapolated to clinical 
CRVO is unwarranted" is itself 
unwarranted, as a critical and unprej- 
udiced study of our report would show. 
We clearly demonstrated that com- 
bined CRVO/CRAO (ie, our group 2) 
did not produce VSR or HR. We have 
said that retinal ischemia, not CR AO, 
plays an important role in the produc- 
tion of HR and the two (ie, retinal 
ischemia and CRAO) are not synony- 
mous most of the time because clini- 
cally a marked fall in perfusion pres- 
sure in the artery can produce retinal 
ischemia without an organic occlusion 
of the artery. Our detailed clinical 
study of more than 150 patients with 
CRVO further supports the conclu- 
sions presented in our report. As 
mentioned earlier, Kohner and her 





associates have also considered it 
essential to divide CRVO into the two 
distinet entities and stressed the 
presence of retinal ischemia in HR.’ 
In conclusion, I believe that the 

comments of McLeod and Kohner 
must be based on a lack of in-depth 
knowledge of the subject and an inad- 
equate study of our report that can 
only serve to confuse the issue under 
discussion. 

SoHAN SINGH HavnEH, MD, PHD 

Iowa City 
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Incontinentia Pigmenti 


To the Editor.—In our article "Retina! 
Vascular Changes of Incontinentia 
Pigmenti” (ARCHIVES  94:743-746. 
1976), it is stated that the condition is 
“probably autosomal dominant, but is 
lethal for boys, so most observed cases 
will be found in girls.” 

Incontinentia pigmenti is now con: 
sidered to be an X-linked dominam 
disorder. Male subjects are hemizy 
gous, ie, they have only one of any o: 
the genes found on the X chromosome 
Thus, in the male subject, a mutant X 
chromosomal gene that codes for : 
structural protein (hence a dominan 
gene) would be the equivalent of : 
homozygous autosomal dominant mu: 
tation that is usually lethal or suble 
thal. It is thought that male fetuse: 
with incontinentia pigmenti ar 
usually spontaneously aborted, whicl 
is why this is almost exclusively : 
disease of female subjects. 

R. Ç: WATZKE, MI 
Iowa City 
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patients point of view; 


Blephamide 


(sulfacetamide sodium 10.0%, prednisolone 
acetate 0.2%, phenylephrine HC] 0.12%) 


promptly relieve 
both the cause 
and complaint 
of nonpurulent 
conjunctivitis 
Conjunctivitis, It always lo 
Worse to your worried patie 
than it really is. Blephamid 
help allay fears and improv 
your patent's outlook. It rel 
nonpurulent conjunctivitis 
with the antibacterial actioy 
sulfacetamide sodium and t 
antiallergic, anti-inflammat 
activity of prednisolone ace- 


tate. That's a hard combinat 
to beat! 


And that's not all... Blephan 

is the only steroid-antibacter 

which contains both a decon 

tant and a lubricating vehicl 
* Phenylephrine to whiten 

unsightly engorged vessels 

* Liquifilm’ (polyvinyl alcol 
1.4%) to soothe, cool and 
lubricate irritated tissues. 





Improve your patient's point of view with 
Blephamicde... a hard combination to beat. 


BLEPHAMII-S S.0.P STERILE OPHTHALMIC OINTMENT/BLEPHAMIDE LIQUIFILM OPHTHALMIC SUSPENSION 


"INDICATIONS: Basec on a review of this drug by the National Academy of Sciences — National Research Council and/or other infor mation, FDA has classified 
the indicatons as follpws: “Possibly” effective: Nonpurulent blepharitis and blepharoconiunctivitis (seborrheal, staphylococcal, allergic), nonpurulent conjunc- 
tiviess (allergic and bacterial}. Final classification of the less-than-effective indications requires further investigation. 


CONTRAINBICATIONS: Acute herpes simplex (dendritic keratitis), purulent untreated infections, vaccinia, varicella and most other viral diseases of the cornea ar 
conjunctiva, scular tuberculosis and fungal diseases of the eve. 


WARNINGS =) In diseases due to microorganisms, infection may be masked, enhanced or activated by the steroid. 2) Extended use may cause increased intraocul. 
pressure in sesteptible individuals. It is advisable that the intraocular pressure be checked frequently. 3) In those diseases causing thinning of the cornea, perforatio 
has been known to have ccurred with the use of topical steroids. 4) Use with caution in patients with known or suspected sensitivity to sulfenamides — if sensitivi: 
or other untoward react-ons occur, discontinue medication. 5! Should be used with caution in the presence of narrow-angle glaucoma. 6! Reports in the literatu; 
indicate that »osterior sebcapstlar lenticular opacities have been reported to occur after heavy or protracted use of topical ophthalmic corticesteroids. USE IN PREC 
NANCY: Safe y of the u= of topical steroids during pregnancy has not been established. PRECAUTIONS: Ophthalmic ointments may retard corneal healing. 


AlleRGAN Pharmaceniticale Tne Trewin. ("A ANT: 
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FOR THE CLINICIAN 


CLINICAL UPDATE IN GLAUCOMA, 
‘CORNEA AND EXTERNAL DISEASES 


mber 9, 1978 November 10, 1978 
S Faculty 
aucoma Cornea and External Diseases 
n F. Goldberg, M.D. Alan Axelrod, M.D. 
h S. Haas, M.D. William F. Hughes, M.D. 
^ M. Podos, M.D. Herbert E. Kaufman, M.D. 
; T. Wilensky, M.D. Joel Sugar, M.D. 
SS 
A Continuing Education Course sponsored by the 
will Department of Ophthalmology 
a | Jniversity of Illinois Abraham Lincoln School of Medicine 


-'One program only $100 Both Programs $150 


of 

a ' 1al information contact: 

ty yr Ophthalmic Continuing Education 

iylor, Chicago, Illinois 60612 (312) 996-8023 





E . Now available from the AMA 
Opinions and Reports of the 


Judicial Council 


ion of Opinions and Reports 
licial Council has just been 
by the AMA. It is the first com- 
» revision of Opinions, and the 
. idition since 1971. 


tical guide to ethical conduct 

completely reorganized ac- 
p subject matter. Inconsisten- 
outdated material have been 
and current medical practice 
s are more clearly reflected. 
ew style and format, Opinions 


| Order Dept. 

American Medical Association 
535 N. Dearborn St. 

Chicago, IL 60610 


Please send me ..copy(ies) of OPIN- 
IONS AND REPORTS OF THE JUDICIAL 
i COUNCIL, OP-437, at $2.00 each. | en- 
close $ , payable to the AMA. 





for you to use. 


AMERICAN 


MEDICAL 
ASSOCIATION 





coupon to order your reference 
| $2.00 
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Worn as a shoulder strap, the Keeler / Wilson PortaPower goes wherever 
your indirect ophthalmoscope goes. . . staying with you in the O.R., on 
rounds or in the examining room. 


PortaPower's pouch contains a lead / acid battery pack which enables your 
indirect to operate at maximum output for up to one hour and fifteen 
minutes of continuous use, with a slow decay at the end of the charge. 
The package also includes a recharging unit for the 6V, 7.5 amp-hour 
gel-cell battery. 


Supplied with a twist/lock connector to adapt to 
any 6V indirect, PortaPower remains comfortable 
through hours of use. In the O.R.. PortaPower 

is worn under the surgical gown to maintain 
sterility. The on/off switch has been 
specially positioned to be easily trig- 
gered with a push through the gown 
by the forearm, insuring sterility of 
the hands. PortaPower also features 
a velcro-sealed compartment de- 
signed to hold two indirect lenses. 
























So let yourself—and your indirect 
— go. Call or write for details on 
the Keeler / Wilson PortaPower. 
(And ask for information on 
Keeler's Fison Indirect 
Ophthaimoscope, as well.) 





PortaPower developed by 
Donald L. Wilson, MD; 
| Indiana University 
| School of Medicine. 


ei ; Manufactured by 


Diversatronics, Inc. 


PortaPower means portable power. 
And convenience for the doctor. 





456 Parkway, Lawrence Park Industrial District, Broomall, PA 19008 
Philadelphia + New York * Boston * Los Angeles * Chicago * Houston * Atlanta * Cleveland K <4 Ke e 
Call toll free: 800-523-5620 (in PA call 21 5-353-4350) - All products serviced in Broomall, PA 
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eor two daily instillations- 
j iferrupzed 24-hour control 





hronic simple glaucoma 
laucoma secondary to aphakia 


e fee A occur during 
Ko or during critical early 
ing hours. 


ated 


In four available concentrations- 
fo satisfy individual patient 
requirements. 


oTherapy with PHOSPHOLINE 
IODIDE should employ the lowest effec- 
tive concentration. Therefore, the logical 
choice for initiation of therapy is the 
0.0396 strength — which probably has no 
greater potential for side effects than 
pilocarpine. 

o Starting with this lowest concen- 
tration permits smooth transition to 
strengths of 0.06%, 0.12526, or 0.25% 
when required. 


Note: After reconstitution, PHOSPHOLINE 
IODIDE remains stable for about one month at 
room temperature, or 12 months if refrigerated. 






— Phospholine lo 
(echothiophate i 


in the manageme 


















Subacute or ehon ang losure glaucoma after iridecto 
where surgery is refused or contraindicated. Certain non-uve 
secondary types of glaucoma. especially glaucoma followi ! 
: cataract surgery. 

Accommodative esotropia— Concomitant sige 
significant accommodative component. — 
Contraindications: 1. Active uveal inflammation. 

2. Most cases of angle-closure glaucoma, due to the f DOSS 
of increasing angle block. . : 

3. Hypersensitivity to the active or inactive ingredients. - 
Warnings: 1. Use in Pregnai y: Sate | use of anticholinesteras: 
medications during pregnancy has not been established, no 
has the absence of adverse effects on the uen or onthe ee 
tion of the neonate. | 
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is or a history of this condi- - 
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t JS« ot the intense and pasient miosis and 
per pa ontraction that bed 
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ee minute : or two following ins illation to minimize drainage into the - 
i nasal chamber with its extensive absorption area. The hands 
i should be washed immediately following instillation. 
4. Temporary discontinuance of medication is necessary if 
salivation, urinary incontinence, diarrhea, profuse sweating, 
muscle weakness, respiratory difficulties, or cardiac irregularities 
occur. * 
5. Patients receiving PHOSPHOLINE IODIDE who are ex- ~~ 
posed to carbamate or organophosphate type insecticides and 
pesticides (professional gardeners, farmers, workers in plants — 












manufacturing or formulating uch PIDOUOE etc)shouldbe  . 
warned of the additive syst | le from absorption 
of the pesticide through ) : 
periods of exposure to 


masks, and idem was 
advisable. 








TRANS PARS PLANA 
PHOTOCOAGULATION 


j 


“The Charles 
Endđophotocoagulator” 


e TRANS PARS PLANA PHOTOCOAGULATION 
e FOCAL TREATMENT OF RETINAL TEARS 
e FOCAL TREATMENT OF SURVACE NEO-VACULARIZATION 


The Charles Endophotocoagulator is a special 
delivery system attached to the Clinitex LOG-2 
or LOG-3 for trans pars plana photocoagulation. 


The 0.89 mm (20 guage) autoclavable, foot- 
switch activated probe is compatible with 
ineisions for vitrectomy instruments (Clinitex 
VISC-X and cthers). 


CLINITEX division of Varian 
183 Newbury St. 
Danvers, MA 01923 


Name 


Hospital or Clinic 
Address 


City 


The Clinitex LOGs with the Charles =ndophoto- 
coagulator probe are portable, require no special 
electrical facilities or water cooling systems. 


Hospital costs are reduced as this multiple sys- 
tem may be used as a conventional photocoag- 
ulator as well as an endophotocoagufator. 


Reference: 
Steve Charles, M.D. 
Memphis, Tennessee 


State: foe eS 47. 


endophotocoagulator A C H 
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CONTACT LENSES: A Clinical Approach to 
Fitting. Robert H. Hales, MD, FACS. This one 
book covers hard, soft, therapeutic, gas- 
permeable, Ocusert, and intraocular lenses in a 
clinically oriented “how-to” approach based on 
actual office practice. Anatomy, physiology, optics, 
and lens materials are discussed as they pertain to 
clinical contact lens work and unique clinical flow- 
diagrams help the practitioner select the proper 
kinds of contact lens and refit lenses. Contact Lenses 
is the most complete book in its field and 
indispensable in office practice. 1978/261 
pages/137 illustrations/$24.50 


MICROSURGERY OF THE VITREOUS: 
Comparisons of Instrumentation, Techniques, 
and Philosophies. Richard M. Klein, MD, FACS and 
Herbert M. Katzin, MD, FACS. With an unbiased 
and integrated approach, the authors cover all of 
the important differences in surgical philosophy 
and instrumentation among the various schools in 
vitreous surgery. Especially helpful are clinical 
and technical comparisons of all commercially 
available vitrectomy instruments and the 
consistent format and precision of the supporting 
illustrations. So thorough and timely, readers will 
find information in this volume that is nowhere 
else in print. 1978/165 pages/75 illustrations! 
$25.00 


Please send me: 

O Hales: Contact Lenses (3850-8) $24.50 

O Klein: Microsurgery of the Vitreous (4654-3) $25.00 

O Kottow: Anterior Segment Fluorescein Angiography 
(4757-4) $37.50 

O Yannuzzi: The Macula (9322-3) about $75.00 





name 





address 


city state zip O check enclosed O bill me 


The newest 
and best in 


ANTERIOR SEGMENT FLUORESCEIN 
ANGIOGRAPHY. Michael H. Kottow, MD. The 
first major review of current world literature 
(including previously unpublished research) on 
this important subject. An outstanding collection 
of illustrations (some full color), solid technical 
information on the best way to perform this 
examination, and a multitude of documented 
cases offer the ophthalmologist a good working 
knowledge of anterior segment angiography. 
1978/286 pages/710 illustrations (including 

6 color)/$37.50 


THE MACULA: A Comprehensive Text and 
Atlas. Lawrence A. Yannuzzi, MD, Kurt A. Gitter, 
MD, and Howard Schatz, MD. Some of the 
brightest and most talented practitioners in the 
field today present the ophthalmoscopic, 
diagnostic, and therapeutic aspects of the more 
common maculopathies. There is strong emphasis 
on fluorescein angiography as a key to better 
understanding the pathophysiology of macular 
disease and treatment, and as an aid to the 
clinician in developing a rational approach to argon 
laser photocoagulation. Well-organized and 
highly illustrated. 1978/about 448 pages/405 
illustrations (including 30 full-color)/ about 
$75.00 


All books sent on 20-day approval. Save postage and handling by 
enclosing payment with order. Maryland residents please add 5% sales 
tax. Prices subject to change without notice. 


CREDIT CARD PURCHASE 

Use your VISA or MASTER CHARGE card to order today. (Be 
sure to supply all the information requested to ensure prompt 
handling of your order.) 


(Check one) O VISA O Master Charge 


SSeS o ae 
card # expiration date * 
* 


TOLL-FREE TELEPHONE ORDERING (9 am to 4 pm) P e 
For ordering with or without charge card, call: 1-800-638-0672. 
Maryland residents call collect: 528-4221. 


Williams & Wilkins Dept. 218 P.O. Box 1496 Baltimore, Md. 21203 


ophthalmology... 









(e) 
Please Mark Your Calendar! 

MID-WINTER NATIONAL MEETING p, 
CONTACT LENS ASSOCIATION OF OPHTHALMOLOGISTS 


January 12-14, 1979 * Sahara Hotel, Las Vegas, Nevada 
16 Hours CME Credits—AMA Category | 












DISTINGUISHED VISITING LECTURER 
Jose |. Barraquer, M.D. 
Present Status of Keratophakia for the Correction of Hyperopia and Aphakia 





ELEVENTH CONRAD BERENS LECTURE 
Jorge N. Buxton, M.D. 
Post Surgical Visual Rehabilitation 





THIRD ANNUAL THEODORE E. OBRIG MEMORIAL LECTURE 
Mr. Jack Moore 
A Practical Approach for the Average Clinical Practice 





i E 
PRACTICE MANAGEMENT SEMINAR Herschell H. Boyd, M.D., Chairman 
er National Meeting, there will be an all day Ophthalmic Practice Management 


immediately preceding the Mid-Wint 
1979. No additional registration fee for the Pract Management Seminar. 


Seminar or Thursday, January 11, 


Friday, January 12 
CONTACT LENS PRESENTATIONS (Free Papers) 
Jack Hartstein, M.D., Presiding 





Symposium: INDUSTRIAL SAFETY AND CONTACT LENSES 
J. Elliott Blaydes, Jr., M.D. and 
Robert J. Crossen, M.D., Co-Moderators 
Joseph F. Novak, M.D., Arthur H. Keeney, M.D., and G. Peter Halberg, M.D. 





Symposium: PROLONGED WEAR - UPDATE 
Walter J. Stark, M.D., Moderator 
Jorge Buxton, M.D., Richard H. Keates, M.D., and Anthony J. Nesburn, M.D. 


Mary Bruch 
Food and Drug Administration 





THIRD ANNUAL THEODORE E. OBRIG MEMORIAL LECTURE 
Mr. Jack Moore 
i A Practical Approach for the Average Clinical Practice 





a SPORTS AND CONTACT LENSES 
m M Richard H. Keates, M.D. 


DISTINGUISHED VISITING LECTURER 
Jose |. Barraquer, M.D. 
Present Status of Keratophakia for the Correction of Hyperopia and Aphakia 





CONTACT LENS COURSES-Section | 


(Pre-registrants may select courses by mail) 


The Extended Wear of Soft Contact Lenses 
Director—Perry S. Binder, M.D. 
Instructors—Richard Keates, M.D. and Edward Shaw, M.D. 


Management of Corneal and Contact Lens Problems 
Director—Robert A. D'Amico, M.D. 
Instructors—Joseph A. Baldone, M.D. and John F. Morgan, M.D. 


How to Select the Best Soft Lens for Your Patient 
Director—Ellis Gruber, M.D. 


Management of the Contact Lens Problem Case 
Director—G. Peter Halberg, M.D. 


Soft and Hard Contact Lens Fitting with Custom Design Lenses 
Director—Herschell H. Boyd, M.D. 
Instructor—Paul R. Honan, M.D. 


Fitting of Oxygen Permeable Contact Lenses 
Director—Jay Lippman, M.D. 


Review of Hard & Soft Lens Technology 
Director—Joseph W. Soper 
Instructors—Kenneth W. Swanson, Frank B. Sanning, Ralph T. Sutton, 
and Jack W. Moore 


Therapeutics & Cosmetic Scleral Contact Lenses 
Director—Herbert L. Gould, M.D. 
Instructors—John W. Espy, M.D. and Leroy G. Meshel, M D. 


Contact Lens Fitting in Infants and Children 
Director—Harold P. Koller, M.D. 
Instructors—Anthony Caputo, M.D., Jerry Maida, M.D., and 
J. Matthew Robinoweiz, M.D. 


Modification of Hard Contact Lenses 
Director—Marvin A. Garland, M.D. 
Irstructors—Paul Honan, M.D. and Vic Brown 


CONTACT LENS COURSES-Section II 


(Pre-registrants may select courses by mail) 


Utilization and Training of a Contact Lens Technician 
Director—Robert J. Crossen, M.D. 


Therapeutic Uses of Soft Contact Lenses 
Director—Edward Shaw, M.D. 
Instructors—Frederick Brightbill, M.D., Walter Stark, M.D., and 
Robert G. Webster, M.D. 


The Aquaflex Hydrophilic Lens - Review of Vault Theroy of Fitting, Research & 
Clinical Experience 
Director—Ellis Gruber, M.D. 


Keratoconus 
Director—Frank B. Hoefle, M.D. 
Instructors—Richard G. Lembach, M.D., Jorge N. Buxton, M.D., 
James Koverman, and Delmar R. Caldwell, M.D. 


Specialized Techniques of Lens Fitting 
Director—Joseph W. Soper 
Instructors—James C. Tannehill, Vernon R. Lamb, and William McGuire 


Saturday, January 13 


Bifocal & Multifocal Contact Lenses for the Presbyope & Aphake 
Directors—Abraham Schlossman, M.D., and Frank J. Weinstock, M.D. 
Instructors—George Jones, M.D., George Pugh, M.D., Carolyn Schlossman 

Norman Schmid, Sr., Charles E. Clevenger, M.D., 
Ronald Akashi, M.D., and Kenneth Michaile, M.E. 


Clinical Aspects of Fitting the Hydrocurve Lens 
Director—James S. Russell, M.D. 
Instructor—Gerald Feldman, Ph.D. 


Extended Contact Lens Wear 
Director—Anthony B. Nesburn, M.D. 
Instructors— Dwight H. Cavanagh, M.D., Steven Kelly, M.D., and 
Roger Langston, M.D. 


Astigmatism Correction with Hard & Soft Contact Lenses 
Director—Paul Honan, M.D. 
Instructors— Whitney Sampson, M.D. 


Hydrogel Lathe Lenses Versus Spin Cast Lenses 
Director—Chester J. Black, M.D. 


INTRAOCULAR LENS PRESENTATIONS (Free Papers) 
Jorge N. Buxton, M.D., Presiding 


Symposium: THE CONTACT LENS CORRECTION OF ASTIGMATISM 
Joseph A. Baldone, M.D., Moderator 
Participants: James Tannehill, Whitney G. Sampson, M.D., Philippe Baronet, M.D., and 
Harold Stein, M.D. 





Symposium: ASTIGMATISM - SURGICAL CORRECTION 
Herbert E. Kaufman, M.D., Moderator 


The Practical Appucanen of Keratomileusis 


and D BOB LAC ASSURER P cin BESSEREN RS ITE aS es pee Miles Friedlander, M.D. 
New Approaches to the Management of Refractive Errors .......... Randall Olson, M.D. 
Other Participants to be Announced : 

THE FUTURE WAS YESTERDAY E. 


Lawrence A. Winograd, M.D. 


ELEVENTH CONRAD BERENS LECTURE 


Jorge N. Buxton, M.D. 
Post Surgical Visual Rehabilitation 
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v Symposium: PITFALLS IN LENS IMPLANTATION 
Harold A. Stein, M.D., Moderator 
uu Paentbslectión 1: do vin og Be lv ORS Ca ry TRE LUI Harold A. Stein, M.D. 
bocu ogr CitmerOl Surgely oi ake reel M etr uno een ee Richard Kratz, M.D. 
Pitfalls in the Immediate Post-op Period ............. 0... ccc a Marvin Kwitko, M.D. 
"ans UP LatewOst-Op Period ; ooo... oen. de Sed ce beds bc beeen he, Herve Byron, M.D. 
Guiding the Resident in Lens Implantation ................ccccc esses Leeds Katzin, M.D. 


Question and Answer Period 


~ 
Symposium: SURGICAL KERATOMETRY 
Herbert E. Kaufman, M.D., Moderator 
Participants to be Announced 
Sympesium: SURGICAL TECHNIQUES FOR VARIOUS IMPLANTS (Movies) 
Jack Hartstein, M.D., Moderator 
pocenique with-the Copeland Lens .............:. cerle tore Ned Snyder, M.D. 
Technique with the Copeland Lens ......................eeesse William U. McReynolds, M.D. 
Medallion Lens in Association with Intracapsular Cataract Extraction ... Manus C. Kraff, M.D. 
a PIED SUMED CIHR LONI Soe) uir ae pex. sexu Sie SRO eae Richard Kratz, M.D. 
racer? Cami Ge LONG. sot ee SS oN bets ao veld sub eae Reet oe Henry Hirschman, M.D. 
Federov Sputnik Lens and the Platinum Clip Lens ................... Marvin L. Kwitko, M.D. 
Primary implants of the Choyce Lens ....................... «eren Jerald L. Tennant, M.D. 
Secondary Implantation of the Azar Tripod .............. ccc eeceeceece Robert Azar, M.M.D. 
BIPEMIDOEOrS E iu e ERs Gay aie rr ON EE I de pombe rd mata RE TOS Steven P. Shearing, M.D. 
iE ppke ama o o ECPPEOYq P DP NE TODO iy Se LbS Bubba C. William Simcoe, M.D. 
Panel Discussion 
Sunday January 14 
k Symposium: INSTRUMENTS FOR INTRAOCULAR LENS SURGERY 
Robert F. Azar, M.D., Moderator 
Participants: John Sheets, M.D. and Henry Hirschman, M.D. 
Symposium: COMPLICATIONS ASSOCIATED WITH VARIOUS 
INTRAOCULAR LENSES 
Richard P. Kratz, M.D., Moderator 
1 Other Participants to be Announced 
J Symposium: INTRAOCULAR LENS REMOVAL 
» "TT. Henry Hirschman, M.D., Moderator 


Other Participants to be Announced 
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unday, January 14 Continued 


Symposium: SECONDARY LENS IMPLANTATION 
Jerald L. Tennant, M.D., Moderator 
Other Participants to be Announced 


This Continuing Medical Education offering meets the criteria for 16 hours credit, Category I of the 
American Medical Association 


Contact Lens Courses will be held Friday afternoon. You may pre-register for the courses by mai. 


Free Papers on contact lenses and intraocular lenses accepted. Please send abstracts to: Oliver H. 
Dabezies, Jr., M.D., Executive Vice President, CLAO, 2620 Jena Street, New Orleans, Louisiana 
70115. 


CLAO Annual Business Meeting will be held on Friday, January 12, 1979. 
Wine Tasting Party (Friday, January 12) - Sponsored by Barnes-Hind Pharmaceuticals 
International Party (Saturday, January 13) - Sponsored by Burton, Parsons & Co. 





Oliver H. Dabezies, Jr., M.D. G. Peter Halberg, M.D., F.A.C.S. Jack Hartstein. M.D. 
Chairman, Mid-Winter Meeting Secretary of Meeting President, CLAO . 
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BASIC COURSE-OPHTHALMIC ASSISTANTS 


Saturday, January 13 Harold A. Stein, M.D., Program Director 
2:00 p.m.-5:30 p.m. Bernard J. Slatt, M.D., Assistant Program Director 
Ms Penny Cook and Mrs. Maija Kaufman, Program Coordinators 
* 
Terminology Care and Handling of Soft Lenses 
Anatomy of the Cornea 1 Insertion and Removal Techniques 
Practical Corneal Physiology Selecting the Right Lens 
Clinical Selection and Evaluation : Assessing the Fit 
of Patients Soft Lens Problems and Solutions 
Taking Patient Measurements Inventory vs. Per Case Method 
Evaluating Lens Parameters Office Practice Management 





A special room rate of $34.00 per day (single or double occupancy) has been arranged with the Sahara Hotel. For room 
reservations only, write the Sahara Hotel. Las Vegas, NV 89114. 


PRE-REGISTRATION — CLAO MID-WINTER NATIONAL MEETING 


O Physician Member of CLAO ($200.0C) 
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Name 

i O Physician Non-Member ($250.00) 
O Resident Physician in Ophthalmology 
' Address ($150.00) 

L| 

O Technician Employed by 

: Ophthalmologist. Must be identified 
City Bo. SL Zip — — ———— by letter from the employing 
ophthalmologist ($175.00) 
Immediately preceding the scientific session, an O All Other ($275.00) 

i optional Practice Management Seminar will be con- t 

' ducted on Thursday, January 11, 1979. There is no Please make check payable to: 

: registration fee for the Practice Management Seminar. CLAO Mid-Winter Seminar 

i The registration fee for the Scientific Session is the total and forward to: 

' fee for all sessions. Paul R. Honan, MS. 

, AX Registration for the Scientific Session will take place on Treasurer, CLAO 

ı Wednesday, January 10 from 6:00 p.m. to 8:30 p.m. P. O. Box 588 

LI 

Li 


and Thursday, January 11 from 8:00 a.m. to 5:30 p.m. Lebanon, Indiana 46052 
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MUROCOLL EPINEPHRINE 1% | 
As (L-Epinephrine Bitartrate 1.82% ) PRODUCT #291/2 


e Effective in maintaining lowered intraocular pressure in 
certain cases of open angle glaucoma by reducing the 
rate of aqueous formation. 


e Improves the facility of outflow after prolonged therapy in 
more than 50% of eyes with open angle glaucoma.* 


: e Aids in breaking posterior synechiae in uveitis. 
“=| EPINEPHRINE 1% 


(Epinephrine Bitartrat 1.82%) 
#29" 
: Preservotive-Chlorobutenol 0.5% 


STERILE OPHTHALMIC 
SOLUTION 


> | PHARMACAL LABORATGRIES, INC 
121 LIBERTY ST 
QUINCY 69, MASS, 3$.A 
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Murocoll Epinephrine 1% (as Bitartrate 1.82%) with Chlorobutanol 0.5% as a 
preservative and bacteriostatic agent is also available as Murocoll Epinephrine 
2% (as Bitartrate 3.64%), Product #29. 
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Contraindication: Norrow-ongle glaucoma 


Both solutions also have Sodium Bisulfite as preservative; Sodium Chloride 
and distilled water as inactive ingredients. 





Above solutions are contraindicated in narrow angle glaucoma. Available. 7.5 cc. glass bottle 
Use with caution in presence of hypertension. with plastic dropper. E only 
Complet» Ophthalmological Originators of 


Formulary Available On Request Stabilized Epinephrine Collyria 


*Ó BECKER ET AL. TR. SEC. A.M.A. 188, 1961 


Muro reparations are available to all pharmacies and hospitals through 
* their drug wholesaler, or may be obtained directly from our laboratories 

by incicating their usual source of supply. 

A 


^ MURO PHARMACAL LABORATORIES 
121 Liberty Street — Quincy, Mass., U.S. A. 02169 — Area Code 617 - 479-2680 


Columbia University 
College of 
Physicians & Surgeons 
Department of Ophthalmology 
and 
The Edward S. Harkness 
Eye Institute 
of 
The Presbyterian Hospital 
in the City of New York 


CONTINUING MEDICAL EDUCATION PROGRAMS 
CATEGORY 1 


Diagnosis and Management 
of 
Clinical Problems in Ophthalmology 


SPECIAL DIAGNOSTIC METHODS 
in OPHTHALMOLOGY 
Saturday, December 2, 1978 


EXTRA-OCULAR MUSCLES 
Saturday, January 6, 1979 


UVEITIS 
Saturday, February 3, 1979 


CATARACT SURGERY 
Saturday, March 3, 1979 


OCULAR TUMORS 
Saturday, April 7, 1979 


6 Hours Credit per Session, 
Category 1 of the AMA’s 
Physician’s Recognition Award 


Fee: $75.00 each session ($15.00 for Residents 
and Fellows with a letter from the Director of 


Department). 


For information and application, contact: 
Dr. Elizabeth C. Gerst, Director 
Continuing Education Center 
College of Physicians & Surgeons 

630 West 168th Street 

New York, New York 10032 
(Telephone: 212-694-3682) 
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INTERNATIONAL GLAUCOMA CONGRESS III 


and 


AMERICAN SOCIETY OF CONTEMPORARY OPHTHALMOLOGY 
14th Annual Meeting and Scientific Assembly 


January 14-19, 1979 


CAESARS PALACE LAS VEGAS, NEVADA 


Complete Meeting Program—Up to 40 Hours CME Credit/Category 1 


PROGRAM 
Co-Chairmen: 

JOSE |. BARRAQUER, MD 

H. SAUL SUGAR, MD 
INTESNATIONAL GLSUCOMA CONGRESS III 
Monday, January 15 Tuesday, January 16 
JOHN G. BELLOWS, MD DONG H. SHIN, MD 
Introductory Remarks Application of Intraocular Pressure Reduction and Regulation System 
H. SAUL SUGAR, MD Z. M. VUCICEVIC, MD 
The Ter*Commar-ments of Mamagement of Open Angle Glaucoma Evaluation of Glaucoma Treatment by the Doppler 

EDWARD SROM, MD K. IWATA, MD 

and JULIAN MORALES, MD Suction Gonioscopic Analysis of the Aqueous Pathway 


Personality-of Glaucoma Patients—Psychological Tests 


MILES A. SALIN, MD THOM J. ZIMMERMAN, MD 
Caerview of Prot:ems in Diagnosis Summary and Update: Timolol and Other 
and Treatmert of Glaucoma Beta Blocking Information 
HUGH BECKMAN, MD MILES A. GALIN, MD 
The Wenagement of "leovascular Glaucoma and STEPHEN A. OBSTBAUM, MD 
Long-Term Results of Timolol Therapy 
YOSHIAKI KITAZAWA, MD IRVING M. KATZ, MD 
Problems of Primary Angle-Closure Glaucoma Efficacy and Safety of Long-Term 


Maintenance Treatment with Timolol in Chronic 
Open Angle Glaucoma 
MAURICE E. LANGHAM, PhD 
New Peripheral and Central Neural-Acting 
Adrenergic Drugs in the Treatment of Glaucoma 


MAURICE E. WANGHAM, PhD 
The Meshanical and \escular Components of 
the @utflow Resistance in Normal and 
Glaucomasous Eyes 
XERNARD SCHWARTZ, MD PhD MYRON YANOFF, MD 
Natal Course of Gzular Hypertension The Pathogenesis and Pathologic Anatomy of 
Acute and Open Angle Glaucoma 
MARVIN KWITKO, MD BERNARD SCHWARTZ, MD PhD 


Statis cal Analyses c Eighty-Seven Eyes Relationship of Optic Disc Cupping and Pallor 
with Congenital Glaucoma 


INTERNATIONA. GLAUCOMA DIETER FRIEDBURG, MD 
CONGRESS ACHIEVEMENT AWARD Rubeosis Iridis and Secondary Glaucoma 
Mansour Armaly. MD, Recipient Following Central Retina! Vein Thrombosis 

MANSOUR A*MALY, MD MANSOUR ARMALY, MD 


Perimetry The Optic Disc 
JACOB WILENSKY, MD A. NEETENS, MD 


Secondary Slaucoma Clinical Predictability of 
Impending Damage in Glaucoma 





J. WOLLENSAK, MD J. WOLLENSAK, MD 
"iltratiomPrecedures in )pen Angle Glaucoma Combined Glaucoma and Cataract Surgery 


JOSE |. BARR«QUER, MD K. BUOL HESLIN, MD 
Results f Surgery in aen Angle Glaucoma Combined Cataract Extraction and Filtering 
Procedues with Extracapsular Techniques 
HAROLD G. SCHEIE, MD GIUSEPPE SCUDERI, MD 
Maagement of Filtering Cicatrices Modifications of Trabeculectomy 


BHN FRONIMOPOULOS, MD JOHN P. BEALE, JR., MD 
ami NICHOLAS E3MBROU, MD Microsurgery of the Optic Nerve for Low 
fight Yes Experiencesin Goniotrephination Tension Glaucoma—Does It Work? 
with Scleral Flap 
NICHOLAS ST*NGOS, MD IDO EGERER, MD 
Goniotrhmation in Secondary Glaucoma Experimental and Clinical Experience with Silicone 
| Catheters in Glaucoma Surgery 
«MAURIZIO PANDOLFL, MD STEPHEN A. OBSTBAUM, MD 
Hemorrhage Complication in Glaucoma Surgery Management of Acute Angle-Closure Glaucoma 


J. DRAEGER, MD : HELMUT FANTA, MD 
New Merosurgica! Tecniques to Improve Operations in Patients with Constricted 
Chamber Angi Surgery Visual Fields 
M. BLUMENTHAL, MD H. SAUL SUGAR, MD 
Trabeculetomy and "rabeculectomy Heterochromia Irdum: Its Relation 
to Glaucoma 
DAVID B. SELL, MD ERNEST G. A. van BEUNINGEN, MD 
Intrascleral Gaucoma A New Electronic Schigtz Tonograph for Diagnosis, 
Filtering Ogeration Treatment and Control of Glaucoma and Ocular 
Circulation 


Chairman: 
RICHARD C. TROUTMAN, MD 
CATARACT/INTRAOCULAR LENS SEMINAR 
Wednesday, January 17 
Chairman: Richard C. Troutman, MD 


ROBERT F. AZAR, MD 
Azar Anterior Chamber Lens 
WILLIAM S. HARRIS. MD 
Posterior Chamber Lens Implantation: 
Advantages and Statistics 
CHARLES H. BECHERT, MD 
Copeland Lens: Twelve Years Later— 
Simple, Sound Successful 
C. WILLIAM SIMCOE. MD 
Simplified ECCE anc New Techniques 
in Lens Implantation 
JOHN P. BEALE, JR., MD 
Keratophakia: An Adjunct to Intraocular 
Lenses for the Surgical Correction 
of Optical Errors 
JACK HARTSTEIN, MD 
The importance of A-and 8-Scan in 
Cataract and Intraocular Lens Surgery 


NORMAN S. LEVY, MD PhD 
Scleral Rigidity in Cataract Surgery 


HAROLD G. SCHEIE, MD 
Management of Postoperative Cicatrices 


KENNETH J. HOFFER, MD 
Vertical Cell Disparity of the Corneal 
Endothelium 
ROBERT ABEL, JR., MD 
Iridoplasty in Intraocular Surgery 
WAYNE E. FUNG, MD 
Long Term Observations of the 
Posterior Capsule and Retina 
Following Phacoemulsification 
CHARLES D. KELMAN, MD 
The Kelman Antesior Chamber 
Intraocular Lens 
JOHN P. SHOCK, MD 
Results of Phacofragmentation 


CLAES H. DOHLMAN, MD 
Keratoplasty and Intraocular 
Lens Implant 
RICHARD P. KRATZ, MD 
Prevention and Management of 
Complications of Intraocular Lens Surgery 


EDWARD L. SHAW, MD 
Handling Complications of Intraocular 
Lens Surgery—Medical and Surgical Treatme 
ROBERT M. SINSKEY, MD 
The Advantages and Disadvantages of the 
Posterior Chamber Leas 
MARVIN L. KWITKO, MD 
Techniques for Avoiding Corneal Damage 
During Implant Surgery 
RANDALL T. BELLOWS, MD Š ' 
Simultaneous Cataract and Glaucoma a 
Procedures 


Thursday Janu ry 18: CCRNEA AND EXTERNAL DISEASES SEMINAR Chairman: Herbert E. Kaufman, MD, Louisiana State University, New Orleans. 
Speakers: Claes H. Dohlman, MD, Miles Friedlander, MD, Edward Grom, MD, Enrique Gutierrez, MD, Randall Olson, MD, S.M. Recupero, MD, 
Giuseppe Sc: deri, MD. ue 

ACT LENS SEMINAR Chairman: Antonio R. Gasset, MD, University of Florida, Gainesville. Speakers: Mathea Allansmith, MD, 
Ro n, MD, Melvin Freeman, MD, Paul Honan, MD, William L. Houde, COT, Leroy Meshel, MD, John F. Morgan, MD, Robert Morrison, MD, <a 
Edw. , MD, 3ernard Slatt, MD, Joseph Soper. m ; 

Friday, January 19: VITREOUS/CHOROID/RETINA SEMINAR Chairman: Harvey Lincoff, MD, Cornell University, New York. Speakers: Daniel 
Finkelstein, “ID, Ingrid Kriesig, MD, Wallace McMeel, MD, Ronald G. Michels, MD, Howard Schatz, MD, T.F. Schlaegel, MD, Lawrence Singerman, 

MD. 

Sunday, anuar 14—SPECIAL FEATURE: COSMETIC SURGERY SEMINAR Chairman: Pierre Guibor, MD, New York Medical College, New York. B 
FOR INFORMATION: American Society of Contemporary Ophthalmology, 6 N. Michigan Ave., Chicago, IL 60602 
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Years ago, Bennett! pointed out that 
—. lacrimal secretions total approximately one 
teaspoonful per day. It seems to make sense 
that any drops instilled into the eye should 
supplement this meager supply rather than 
reduce it in any way. 

. If your diagnosis calls for a deconges- 
tant eg'histamine combination, only Albalon-A 
assur. your patient of medication delivered 
in a su thing, tear-like vehicle. Albalon-A is 
formulated in Liquifilm® (polyvinyl alcohol 





Albafon-A™ 
Liquifilm* 
sterile ophthalmic solution 


^ 


DESCRIPTION A sterile ophthalmic solution having the following composition: 
naphazoline HCI .... 0.05%, antazoline phosphate .... 0.596, with: Liquifilm* 
(polyvinyl alcohol) 1.4%: benzalkonium chloride .004%, edetate disodium; poly- 
vinyl pyrrolidone; sodium chloride; sodium acetate, anhydrous acetic acid and/ 
or sodium hydroxide if needed to adjust the pH. ACTION Albalon-A combines 
the effects of the antihistamine, antazoline, and the decongestant naphazoline. 


INDICATIONS Based on a review of a related combination of drugs by the 
National Academy of Sciences - National Research Council and/or other 
information, FDA has classified the indications as follows: "Possibly" effective; 
For relief of ocular irritation and/or congestion or for the treatment of 
allergic, inflammatory, or infectious ocular conditions. Final classification of 


the less-than-effective indication requires further investigation. 
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4.4%) which closely approximates human 


tears in many f” *. parameters. This means 
that Albalon-A cà introduce the risk of 










Pocular irritation and 
congestion, of allera: or inflammatory eti- 
ology* consider Albalon-A. Only Albalon-A 
provides rapid eye whitening and prompt, 
effective relief from itching and discomfort — 
while it helps patients preserve their teaspoonful 
of tears. 


Albalon-A 


naphazoline HCI 0.05%, antazoline phosphate 0.5% 





The only decongestant-antihistamine 


in a soothing, tear-like vehicle. 


^ 
5 

CONTRAINDICATIONS Hypersensitivity to one or more of the components 
of this preparation. WARNING Do not use in presence of narrow angle glau- 
coma, PRECAUTIONS This preparation should be used only with caution in the 
presence of hypertension, cardiac irregularities or hyperglycemia (diabetes). To 
prevent contaminating the dropper tip and solution, care should be taken not 
to touch the eyelids or surrounding area with the dropper tip of the bottle. Keep 
bottle tightly closed when not in use. Protect from light. ADVERSE REACTIONS 
The following adverse reactions may occur: Pupillary dilation, increase im intra- 
ocular pressure, systemic effects due to absorption (i.e. hypertension, eardiac 
irregularities, hyperglycemia) DOSAGE One or two drops instilled ineech eye 
every 3 or 4 hours or less frequently, as required to relieve sympt Que 
SUPPLIED 15 ml dropper-tip plastic dropper bottles. On 24d Lidl, 

1. Bennett, ;.E. The management of total xerophthalmia, Arch Cohthal 
81:667- 682, 1969. * 
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Pharmaceuticals, !-vine, CA 92713 
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Apical Optic Nerve Compression of Dysthyroid Optic Neuropathy on Computed Tomography 
J. S. Kennerdell, A. E. Rosenbaum, M. H. El-Moshy 807 


Trabeculectomy «s Thermosclerostomy ........................... eere ennt P. Blondeau, C. D. Phelps 810 
The Signeficance of Baring of the Circumlinear Vessel ............................ eee R. H. Osher, J. Herschler 817 
The Procnosis of Corticosteroid-Responsive Individuals ........................................ eee Y. Kitazawa. T. Horie 819 
Episclerdi Venous Pressure .....................cecccccsccsessessessssssscccenessesessenessessenensesenseseenesensensnaonsees E. D. Talusan, B. Schwartz 824 
Acquirec Color Vision Changes in Glaucoma ...................... S. M. Drance, R. Lakowski, M. Schulzer, G. R. Douglas 829 
A Clinical Comoarison of Three Computerized Automatic Perimeters in the Detection of Glaucoma 
Defects En so ———OSOnnSSS ens A. Heijl, S. M. Drance 832 
. IntraocuEr Pressure and Cardiovascular Risk Variables... B. E. Klein, R. Klein 837 
One-Hour Intraocular Pressure Response to Timolol ..................................... T. Krupin, P. R. Singer, J. Perimutter, | 
A. E. Kolker, B. Becker 840 
Choriore-inal and Choriovitreal Neovascularization...................... R. V. Dizon-Moore, L. M. Jampol, M. F. Goidberg 842 
Keratopathy Associated With Intracorneal Glass ...................................... M. J. Mannis, C. E. Fiori, J. H. Krachmer, 
M. M. Rodrigues, G. Pardos 850 
Radiotherapy for Idiopathic Inflammatory Orbital Pseudotumor .......................... R. C. Sergott, 
J. S. Glaser, K. Charyulu 853 
Tm Choroidal Melanoma in Ocular Melanocytosis ...................................... G. A. Pomeranz, 
A. H. Bunt, R. E. Kalina 857 
Asgloarchitecture of the Ciliary Artery Circulation of the Posterior Pole .................. J. M. Risco, 
B. S. Grimson, P.T. Johnson 864 
Traction Retinal Detachment ...................... eee J. H. Ussmann, E. Lazarides, S. J. Ryan 869 
Human Massive Periretinal Proliferation ................ D. A. Newsome, M. M. Rodrigues, R. Machemer 873 
Wide Field Specular Microscopy of Excised Donor Corneas .................................. C. W. Roberts, 


H. D. Rosskothen, C. J. Koester 881 
Density of Goblet Cells in Vernal Conjunctivitis and Contact Lens-Associated Giant Papillary 


CHEMIN 05 AINEESSA nee Mabse ng Conso A onion M. R. Allansmith, R. S. Baird, J. V. Greiner 884 
Superoxide Radical Scavenging Agents in Treatment of Alkali 
BEI E E EEN A eee rage nata V. S. Nirankari, S. D. Varma, 


| | V. Lakhanpal, R. D. Richards 886 


Serologic Studies in Patients With Keratoconjunctivitis Sicca 
S. L. Forstot, J. Z. Forstot, C. L. Peebles, E. M. Tan 888 


Rabbit Model of Phlyctenulosis and Catarrhal Infiltrates 
B. J. Mondino, R. Kowalski, H. V. Ratajczak, J. Peters, 
S. B. Cutler, S. I. Brown 891 





 Isopto Carpine 
pilocarpine HCI 
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Unmatched combination of - 
services, quality, availability, ; 
and dosage flexibility. 


| Unique services include the Needy Patient Assistance 

ie Program, which provides any of our glaucoma medications 
| free to indigent patients not covered by a third party 

plan. Isopto® Carpine has been the standard of quality 

in pilocarpine for over 25 years, and is widely available 

in the greatest variety of strengths and sizes. 
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Patient cost equivalent to generic 
and competitive brands. 
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basis, there is no significant difference in cost to 
the patient between pilocarpines. | 
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A miotic plus timolol maleate... 
the most effective combination. 


“This is probably the most efficacious ! 
combination that we have; a miotic plus timolol, 1 
as far as using topical medications to 
decrease intraocular pressure.''? 
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a DESCRIPTION: A sterile ophthalr-ic solution. Each ml contains: Active: Pilocarpine Hydrochloride 0.25%, 0.5%, 1%, 1.596, 296, 3%, 4%, 5%, 6%, 895, or 10%. Preservative 
ee Benzalkonwim Chloride 0.0196. "ehicle: Hydroxypropyl Methylcellulose 0.5%. Inactive: Boric Acid, Sodium Chloride (present in 0.25%, 0.5%, and 1% only), Sodium Citrate, 
wae Hydrochloric Acid and/or Sodiun- Hydroxide (to adjust pH in 1%, 1.5%, 2%, 396, 4%, 5%, 6%, 
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— adjust pH in 0.25%.and 0.5%), -urrfied Water. CONTRAINDICATIONS: When constriction is undesirable such as in acute iritis and in cases of hypersensitivity to any of the 
4 — components. PRECAUTION: Aven overdosage. ADVERSE REACTIONS: Slight Sang dena with temporary reduction in visual acuity and headaches. Contact allergy may 
- occur with prolonged use. Sensiwity is infrequently observed. Retinal detachment has been reported. Lens opacities may occur with prolonged use. Systemic reactions 

f are rare. DOSAGE: 2 drops in the eye(s) 3 to 4 times daily. HOW SUPPLIED: 15ml and 30ml Drop-Tainer* dispensers. 
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Concentrate on details 


New endothelial attachment 
for Zeiss Slit Lamps. 

Now you can see...and, with the 
Zeiss Photo Slit Lamp, photo- 
graph ...endothelial details, par- 
ticularly on Corneal Guttata, that 
you may never have seen before. 
The wide field makes it easy to 
find the area youre looking for. 
The fine-focus device lets you 
zero in on it. The great Zeiss optics 
give you the sham, crisp image 
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magnifications. 


Photographs by Joseph Warnicki, Chief Photographer, Dept. of Ophthalmology, Pittsburgh Eye and Ear Hospital. 





Easy as an eyepiece i 
to install. The great name in optics 


You can put the endothelial attach- A ANNS 


ment on a Zeiss 30SL/M or Photo 
Slit Lamp in seconds. It does not 
limit the use of the instrument 

in any way. The full line of Zeiss 
co-observation accessories can 
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Control is by joy-stick. 

Optics by Zeiss. 

Nationwide dealers and service. 
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For statistical evaluation of cell counts, densities, sizes and shapes, ask about the unique Zeiss MOP system. 
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ZOOM microscope with the regardless of tilt. That's a Zeiss 
world's finest, brightest optics. exclusive! And the 1:4 ZOOM 

Its designed for tae convenience system can be operated either 

of every surgeon, whatever his automatically or manually—your 

height or disciplime. You can preference. The geared tilt lets 

choose from 3 long working dis- the microscope accept the 

tances, and 3 interchangeable heaviest accessories, such as 

tubes. Shown below is the inclin- TV and movie cameras. Plus you 

able tube that tilts continuously have a choice of three rollable 

from O° to 60° Another has a floorstands, a ceiling mount, and 
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" Long before the Wright Brothers and their 
.. "famous first,’ there was allergic conjunc- 
tivitis, a common ocular condition that's 
Still with us. Now, fortunately, there's 
. another ' famous first,’ Vasocon-A the 
_ leading topics! antihistamine/decon- 
.. gestant. Vasocon-A provides rapid relief of 
. itching.. the number one complaint 
. associated with allergic conjunctivitis... 
. while it clears ocular redness and irritation 


Quickly. 


— And with Vasocan-A your patients won't be 
&. annoyed with an uncomfortable residue on ae 3 
their lids. Further, Vasocon-A avoids the means > 
serious sice effects that may be encoun- 
tered with the 5rolonged use of ocular 
Steroids. ' - 
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_ So, that's why Vasocon-A is a “famous 
. first"... the number one ocular antihista- 
. mine/decongestant, for the treatment of 
allergic conjunctivitis and its number one 
complaint, itching. Prescribe the first 
. choice of ophthalmologists... Vasocon-A. 
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Vasocon-A 
(naphazoline HCI 0 05%, antazoline phosphate 0.5%) 
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3 .*INDICAT IONS: Based on a review of a related combination of drugs by the National Academy of Sciences - National Research Council and/or other information, FDA has classified the indi- 
_ | Cations as ‘ollows: Possibly" effective: For relief of ocular irritation and/or congestion or for the treatment of allergic, inflammatory, or infectious ocular conditions. Final classification of the 
| less-than-effective ndication requires further investigation. 


_CONTRAINDICATIONS: Hypersensitivity to one or more of the components of this preparation. WARNING: Do not use in presence of narrow angle glaucoma. PRECAUTIONS: This 
_ preparation should De used oly with caution in the presence of hypertension, cardiac irregularities or hyperglycemia (diabetes). This product is sterile when packaged. To prevent con- 
_ taminating ‘he dropper tip and*solution, care should be taken not to touch the eyelids or surrounding area with the dropper tip of the bottle. Keep bottle 
= tightly closed whermot in use Protect from light. ADVERSE REACTIONS: The following adverse reactions may occur: Pupillary dilation, increase in in- 


_ traocular pressure, systemic e*tects due to absorption (i.e., hypertension, cardiac irregularities, hyperglycemia). DOSAGE: One or two drops instilled in OO M | 
. Bach eye every 3 or 4 hours octess frequently, as required to relieve symptoms. CAUTION: Federal law prohibits dispensing without prescription. HOW S on 
. SUPPLIED. 15 m! cropper-tip plastic squeeze bottle. TUse with caution in patients with cardiac irregularities, hypertension or hyperglycemia. CooperVision Pharmaceuticals Inc. 
v - Ia t PO Box 367 
(© COOPERVISION PHARMACEUTICALS INC. 1981 80-5-0496 San German. Puerto Rico 00753 USA 
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SURGICAL MANAGEMENT OF CATARACT, 
GLAUCOMA AND CORNEAL DISORDERS 
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13th ANNUAL ESTELLE DOHENY EYE FOUNDATION CONFERENCE— SERI (im 
E LOS ANGELES, CALIFORNIA Sponsored by Doheny Eye Foundation and USC Department of Ophthalmology 
m. HYATT REGENCY HOTEL 711 S. Hope Street, Los Angeles, CA 90017 

FOR PRACTICING OPHTHALMOLOGISTS: Current techniques of cataract extraction, intraocular lens insertion, penetrati 
keratoplasty, and glaucoma surgical procedures. Results with extended wear aphakic contact lenses and intraocular len: 
[ presented. Management of intraoperative and post operative complications stressed. Corneal trauma, perforatio 
RA non-healing abrasions, bulious keratoplasty, current keratoplasty techniques (with and without intraocular lens), refract 
i surgical techniques discussed. Management of glaucoma with emphasis on surgical techniques. Step-wise approach 
glaucoma patients, including medical therapy. 

Half-day of mini-workshops featuring detailed videotape demonstrations of various surgical procedures. Small grou 
experienced instructors. 


GUEST FACULTY DOHENY—USC FACULTY 
Jose |. Barraquer, M.D. Ronald H. Akashi, M.D. Anthony B. Nesburn, M.D. 
Perry Binder, M.D. Jerry Donin, M.D. . Richard R. Ober, M.D. 
Stuart |. Brown, M.D. Kenneth R. Diddie, M.D. Arthur E. Oberman, M.D. 
Robert E. Christensen, M.D. Steven Feldon, M.D. Ralph S. Riffenburgh, M.D. 
Richard Elander, M.D. Francis C. Hertzog, M.D. Stephen J. Ryan, M.D. 
Miles Galin, M.D. Arthur Hurt, M.D. James Salz, M.D. 
Norman Jaffe, M.D. A. Ray Irvine, M.D. David J. Schanzlin, M.D. 
Herbert E. Kaufman, M.D. James Jester, Ph.D. H. John Shammas, M.D. 
Manus C. Kraff, M.D. Richard P. Kratz, M.D. Ronald E. Smith, M.D. 
Irving H. Leopold, M.D. Larry Leiske, M.D. Douglas Steel, M.D. 
Thomas H. Pettit, M.D. Ezra Maguen, M.D. Richard A. Villasenor, M.D. 
Robert Shaffer, M.D. Don S. Minckler, M.D. James Wilson, M.D. 
Walter J. Stark, M.D. A. Linn Murphree, M.D. Warren Wilson, M.D. 


Tuition: $400.00 — Certified for 21 hours credit, Category |, AMA and CMA DIRECTOR: Ronald E Smith, M.D. Co-Directors: Anthony 
Nesburn, M.D., David Schanzlin, M.D. For application/brochure: Bill Dowey, Conference Office, 1355 San Pablo Street 
Phone (213) 224-7751 Los Angeles, CA 90( 


THE DEPARTMENT OF OPHTHALMOLOGY 
and 
| THE PAGE AND WILLIAM BLACK 
E- POST-GRADUATE SCHOOL OF MEDICINE 
: of the MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 


Announces Postgraduate Courses 


COSMETIC SURGERY OF THE AGING EYE. 
a (Co-sponsored with The American Academy of Facial Plastic and Reconstructive Surgery, Inc.) 
! June 22 and 23, 1981. 
Morris Feldstein, M.D., Course Director; Ira Eliasoph, M.D., Sidney S. Feuerstein, M.D., Virginia Lubkin, M.D., and Guest Faculty: 
r Jack R. Anderson, M.D., New Orleans, Louisiana, Norman Orentreich, M.D., New York, New York, David B. Soll, M.D., Philadelphia, 
Pennsylvania, Richard C. Webster, M.D., Melrose, Massachusetts. Fee $300. 
Monday and Tuesday, 9:00 A.M. to 5:00 P.M. (2 Sessions). 

The course is designed for those surgeons who have had some experience in this field and wish more exhaustive and detailed 
instruction in cosmetic surgery as it applies to the eye. In addition to lectures and films, a seminar format will be employed so that 
each participant will be able to resolve his particular difficulties in group discussions. 

Cadavers for surgery will be provided. Admission only after correspondence with the Director of The Page and William Black 
Post-Graduate School of Medicine. AMA Category 1—14 hours. 


OPHTHALMIC PLASTIC SURGERY. 
June 24, 25, 26, 1981. 
Virginia L. Lubkin, M.D., Course Director; Morris Feldstein, M.D., Sidney S. Feuerstein, M.D., Saul Hoffman, M.D., Murray A. 
Meltzer, M.D., and Guest Faculty: Robert C. Della Rocca, M.D., New York, New York, Robert Dryden, M.D., Phoenix, Arizona, Joseph 
Hill, M.D., Toronto, Canada, Norman Orentreich, M.D., New York, New York, Allen Putterman, M.D., Chicago, Illinois, John T. 
Simonton, M.D., New York, New York. Byron C. Smith, M.D., New York, New York Fee $250. 

Wednesday, Thursday and Friday, 9:00 A.M. to 5:00 P.M. (3 Sessions). 
This course is designed to delineate and describe for the general ophthalmic surgeon those plastic procedures which belong in his 
armamentarium, and to enable him to select with precision the appropriate operation for a given condition. Recent advances of 
significance will be presented. 

The subjects covered include ptosis, entropion, ectropion, enucleation, cosmetic blepharoplasty, blow-out fracture, lid 
reconstruction, lacrimal surgery, and the handling of acute trauma. A longstanding feature of this course is cadaver surgery. There 
will be a morning of surgical demonstrations to supplement the lectures. Guest lecturers will include a general plastic surgeon as 
well as invited ophthalmic surgeons. Enrollees are invited to bring problem cases for discussion. AMA Category 1—20 hours. 


APPLY TO: Director, The Page and William Black Post-Graduate School of Medicine, Mount Sinai School of 
Medicine, One Gustave L. Levy Place, New York, NY. Tel.: (212) 650-6737. 
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ntroducing The New 


Dioptron Nova 
Ever since Coherent first offered 
the benefits of autorefraction there 
has been a need to make these 
benefits available to every doctor. 
The Dioptron Nova is the answer 
to that need. 


Versatility And Economy For 


Maximum Office Flexibility 
The Dioptron Nova is as econoom- 
ical in size as it is in price. [0] 7 
ability to be placed on a table or 
pole mounted gives you the choice 
of locating it practically anywhere 


in your office. 


Fast, Simple Operation 
Nova's simple operation allows 
your technician to take fast, reli- 
able patient readings with clinical 
proven accuracy. 


Unsurpassed Accuracy With 


Difficult-To-Treat Patients 
What's more, the Nova inspires a 
high level of confidence—often 
permitting subjective accuracy 
with objective refraction of 
aphakics, geriatrics, pediatrics and 
IOL patients. 


Special Features For 









Your Practice 
e A digital readout for quick results 
N EWI! * A special vertex button for spec- 
e tacle and contact lens over- 


refraction. 

è A printer for patient records 
(optional). 

e An interface for computer 


»][0]"., communications (optional). 
TRON e And much, much more. 
® The Benefits of the Highest 
Quality Autorefraction For 
NOVA Any Practice 
- Whether you choose the econom- 


ical Dioptron Nova, or the more 

E E advanced Dioptron Ultima, you 
Diagnostic Eye Computer. can be assured of one thing: 
Coherent’s commitment to 
QUALITY. 4 

To obtain IMMEDFATE 

DELIVERY call Cohent toll-free 
at 800/227-1914 or call collect, 


Un SU rpa ssed 415/858-2250. ! 
Accuracy mE e COHERENT 
conom ICQ s Applying Advanced Technology To Medicine. 





linically Proven For The 
Results You Want. 
The Dioptron Ultima is backed by 
more than seven years clinical 
experience and used by over 2,000 
doctors. The results have increased 
both doctor and patient confi- 
dence. The Dioptronmakes objec- 
tive refraction of both routine 
and pathologic patients easier and 
simpler than ever. 


Sophisticated Enough 

To Be Simple. 

The Dioptron Ultima features one- 
button, one-result performance, 
completely automaticfrom start to 
finish. 


Designed For The 
Demanding Practice. 

The Dioptron Ultima Diagnostic 
Eye Computer was designed to 
meet the needs of the most 
demanding practice with features 
such as the exclusive PathAlert™ 
System—an early warning system 
that may identify possible 
pathology. 


The Benefits Of The Highest 
Quality Autorefraction 
System. 

The Dioptron Ultima’s unsurpassed 
accuracy guarantees the kind of 
performance that is essential to 
your practice. No otherautore- 
fractor—objective or subjective— 
provides you with better results 
than the Dioptron—andwe have 
the clinical data to prove it. 


How to Obtain Dioptron’s 
Benefits. 

For more information about 

how you can begin offering the 
benefits of superior patient care 
with the unsurpassed accuracy of 
the Dioptron Ultima call Coherent 
toll-free at 800/227-1914. In Cali- 
fornia, Alaska, and Hawaii, call 
collect, 415/858-2250 or write to 
Coherent Medical Division, 3270 
West Bayshore Road, Box 10122, 
Palo Alto, CA 94303. 


The Worlds *1 
Minicoy cremen Q COHERENT 
U ore rac o) pi Applying Advanced Technology To Medicine. 


Coherent 1981 
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THE LEADERS 

IN OPHTHALMIC * 
CRYOSURGER Y 

GIVE YOU A CHOICE. 


WE’VE ADDED SOME NEW FEATURES TO BOTH UNITS: 


ACU22-GC Non-Electric 

€ Total Gas (N20) Collection System. 

€ Purge Button for unit preparation. 

€ New, updated positive action foot switch. 


€ New, accurate cryometer on the console. 


ACU11-GC 


€ New, revised unit with total Gas (N20) Collection 
System. 


€ A new, gas-operated, permanently mounted foot 
switch. 


e Safety-Fault Light which alerts you to low pressure, 
blocked cryo probe, leaking probe or a gas leak. 


€ A new regulator on the console means you no 
longer have to regulate at the tank. 


e System-Vent Bleed Button allows venting of system 
after use. 





ACU22-GC Non-Electric ACU11-GC 





KC «Kecler 


.. with the future in Sight 
Name 












Hospital 
City /State/Zip 
O Please have a representative call. 

O Please send information on the Keeler /Amoils Cryosurgical Units. t 
O Please send the new Keeler Instruments Catalog and price list. 

456 Parkway, Lawrence Park industrial District, Broomall, PA 19008 

Call toll free 800-523-5620 (In PA call 215-353-4350) All products serviced in Broomaill,P 


INTERNATIONAL SALES & MARKETING 
Clewer Hill Road, Windsor Berks SL44AA England Tel:07535 57177 








Telex 847565 










An invaluable guide for: 

e Residents « Medical Students 

e Faculty members 

e Residency ?rogram Directors 

e Members of Medical Society 
Impaired Physician Committees 


^", 

Beyond Survival is the first concise guide on how to 
establish and operate programs for helping col- 
leagues with problems and enriching professional 
and family life during the training years. 


Produced by the Work Group on Physician Well- 
Being, Resident Physician Section, American 
Medical Association, Beyond Survival draws upon 
experience from se f-help efforts in several parts of 
the country, and offers a range of examples of suc- 
cessful interventior techniques. 


Major sections are devoted to identification, treat- 
ment, and rehabilita ion procedures for cases where 
problems have already developed, and methods of 
promoting well-bemg and preventing disorders 
from occurring in later life. 





^ Announcing ... An important new 
publication on Physician Well-Being! 


A review of the current literature, an annotated 
bibliography, and a listing of national and state 
medical society resources are also included. 


Order your copy of Beyond Survival todav! 


Order Dept., OP-083 

American Medical Association 
P.O. Box 821 

Monroe, Wisconsin 53566 


Please send me A copy(ies) of Beyond Survival, OP-083. 
Price: $5.00 per copy. Enclosed is my check, payable to 
AMA, for $ . Payment must accomoany order. 
Please Print 

Name 


Address 


City/State/Zip 


a 
NP 
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Like a fine automobile, AMSOFthin " 
lenses are designed for performance as 
well as comfort. While your patients enjoy 
the comfort, easier wearing and ber 
acvantages of increased oxygen transmis- 
sion, AMSOF lens mony and proven 
-eproducibility* mean performance you 
can count on for increased fitting efficiency. 
Handling the Curves: Speed 
and Precision 
To enable you to give even more 
atients the benefits of 
AMSOFthin lenses, you 
can choose from three dif- 
ferent base curves: 8.3, 
8.5and 8.9mm. And stan- 
dard 24-hour turnaround 
on Rx orders lets you 
offer the kind of speedy 
service today's consumers 
are looking for. 


Courtesy of Ferrari North America 














ort and 
Performance 


Streamlining for Maximum Efficiency 
The uniquely simple PRN Pricing 

(Purchase Replacements as Needed) 
streamlines both your paperwork and 
your costs. Initial lenses are only $18.00. 
Any replacement is just $9.00 with a re- 
turned lens—so there’s no complicated 
record-keeping to slow down your practice. 
Evaluate your needs. Perhaps you'll find, 
as many of your colleagues have, that 
today's conditions demand a lens that 
offers comfort and per- 
formance: AMSOFthin. 


^e AMSCO 
LOMBART LENSES 


A Division of American Sterilizer Company 
P.O. Box 1693, Norfolk, Virginia 23501 
(800) 446-8301, (800)582-8178 in Virginia 
Manufactured for quality, priced for value 

*A recent study showed AMSOF lenses 
truer to their labeled parameters than four 
other leading soft contact lenses. Copies 
available on request. 
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HYDROPHILIC CONTACT LENSES 


amsofthin___ 


Have you broken the habit 
of prescribing the expensive brand of 
Pilocarpine? 


Habits are being broken everyday. 

Many ophthalmologists have broken the expensive Isopto* Carpine 
(pilocarpine HCl) prescribing habit and now prescribe Pilocar® (pilocarpine 
HCl). Have you? Breaking this habit could result in substantial savings for 
your patients. 


For example, you may be able to save your patients up to 40% on every 
new and refill prescription when you specify Pilocar® Twin Pack vs 
Isopto Carpine. This savings, on a yearly basis, could be equivalent toa 
free office visit for your patients. And , when you consider that both Pilocar 
ophthalmic solution and the “Isopto” brand have the same active ingredient, 
why should your patients have to pay more? 

Now is the time to break the habit of prescribing the expensive brand of 
pilocarpine. Prescribe Pilocar. Your patients could receive a financial reward 
of 40% savings on every prescription. 


PILOCAR’ 


(pilocarpine HCl) 
Every Rx is like writing your patient a check. 


CD 
Gopervision 


PO. Box 367 
San German, Puerto Rico 00753 USA 


INDICATIONS: For use as a miotic in the treatment of chronic (open angle) glaucoma. May be used to lower intraocular pressure prior to surgery for acute glaucoma. Also indicated to neutralize 
the effects of mydriatics following surgery or ophthalmoscopic examination. CONTRAINDICATIONS: Hypersensitivity to any of the components. ADVERSE REACTIONS: Slight ciliary spasm with 
temporary reduction in visual acuity. Sensitization of the lids or conjunctiva may occur. DOSAGE AND ADMINISTRATION: The initial dose is one or two drops. This may be repeated up to six 
times daily. The frequency of instillation and the concentration of PILOCAR are determined by the severity of the glaucoma and miotic response of the patient. Sterile solutions are available in 
concentrations of 0.5%, 196, 2%, 3%, 4%, and 6% Pilocarpine HCl. During acute phases, the miotic must be instilled into the unaffected eye to prevent an attack of angle closure 
glaucoma. HOW SUPPLIED: Pilocar Twin Pack each containing 2-1 5 ml plastic squeeze dropper tip bottles; Pilocar single 15 ml plastic squeeze dropper tip bottles. 


© CooperVision Pharmaceuticals Inc. 1980 9/80 80-5-0418 R. 
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' Fieldmaster 


with enriched 
stimulus pattern 





Screen your patients with Synemed’s 
FIELDMASTER® 200 Visual Field 
Plotter—and rely on findings richer in 
information, broader in scope, than 
those obtainable with any other visual 
field screening instrument. 


The Model 200 stimulus pattern is 
sensitive to ‘‘edges,’’ permitting sophis- 
ticated inferences about underlying 
nerve function not possible with sparser, 
more ambiguous patterns. Enrichment 
of the glaucoma diagnostic areas allows 
even sharper delineation of scotomata. 
The unique Mosaic Monitor™ permits 
testing the central 5° in just a few 
seconds under automatic attention con- 
trol, with the results shewn separately 
on the subject’s chart. 


For further examination, any of ten 
standard “mini” programmed presenta- 
tions of stimuli may be made, concen- 
trating on specific regions and functions, 
without needless reexamination of those 
areas not in question. For instance, one 
program examines only the perimeter 
outside 25° eccentricity, another, only 
the central stimuli through 30° eccen- 
tricity. Non-standard programs may be 
installed at the owner’s option. 


Standard features include: automatic 
retest of missed stimuli—patient control 
of “speed-up” capability to shorten 
test duration—avoidance of rhythm arti- 
fact by addition of random time inter- 
vals—automatic program suspension if 
Subject closes eyes (especially helpful 
with older subjects)—continuous veri- 
fication of background and stimulus 
luminance. 


When you're comparing the 
FIELDMASTER 200 with what the com- 
petition has to offer—it's what you don't 
see that counts! 


[] Please send me your Fieldmaster? 
Catalog. 


[] Please have your representative 
contact me. 


Name __ a = 
Street b 

City 
State 2L Zip 




















Tel. No. _ 





SYNEMED, INC. 


1215 Fourth St., Berkeley, 
CA 94710 415/526-5330 
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When the media are cloudy. it 
provides highly dependable prognos- 
tic information regarding expected 
post-operative acuity. 

[n cases of reduced vision where 
the cause is uncertain, a distinction 
can be made between loss due to 
cortical and macular disturbances. 

With clear media. the ‘retinal 
visual acuity indicates the maximum 
acuity achievable even though the 
ametropia of the eye is uncorrected. 


HOW THE RETINOMETER 
WORKS. 

The Retinometer is a laser inter- 
ferometer. and is made as an attach- 
ment for the RO2000 Slit Lamp. 

ni ( Also Haag-Streit and Zeiss. ) 


For reliable measurement of retinal : 
acuity wben cloudy media makes 
conventional diagnosis impossible. 


WHAT THE RETINOMETER 
DOES. 


The Retinometer measures the 
retinal and cortical functions of the 
eve, independent of the influence of 
the optical media. 

The result. defined as retinal 
visual acuity; provides reliable in- 
formation about the resolving power 
of the retina. 


With Slit Lamp magnification, 
the examiner is able to guide the 
laser pencil into the patient s eye 
with ease and precision —through 
the tiny openings whicharecommon 
in most types of opacities. 

The laser actually produces two 
beams of columnated light, which 
cross (and interfere with) each other 
in front of the retina. 

This crossing of beams produces 
a banded image which the patient 

m) X can' see. 
(In effect, you’ve placed an eye 
chart inside the eye. ) 
- Once the beams are perceived 
| by the patient, the 
examiner adjusts 
the banded 
pattern until the 
bands are as bold 
and thick as possible.(Or similar 
to the largest letters on an eye 
chart.) In addition, the 
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Rodenstock Brings Laser Interferometry Out Of 
The Research Lab And Into The Examining Lane. ` 


Retinometer allows these banded 
images to be presented in four differ- 
ent positions: vertical, horizontal. 
and two oblique settings inset). 
Thus, the patient not only tells 
you whether he can see the image, but 
in what direction the lines are going 
(making malingering impossible). 
After each correct determination 
by the patient, the examiner adjusts 2 
the bands to the next finer setting. 
This procedure is repeated until the 
patient can no longer dependably 
determine the position of the image. 


HOW THE RETINOMETER 
IMPROVES ON EARLIER 
LASER INTERFEROMETERS. 


Where previous interferometers 
were extremely difficult to aim with 
precision because of the distance 
between patient and examiner, the 
Retinometer uses the optics of the 
Slip Lamp to eliminate this problem. 

Where previous interferometers 
were sensitive to vibration, the 
Retinometer is not affected. And it's 
optically-calibrated. soat will never 
be out of adjustment —a common 
problem with mecharncally- 
calibrated instruments. 

In addition, the Retinometer has 
been designed to function as an un- 
obtrusive attachment to the slit lamp 
where previous models required a 
great deal of space. 

Finally, the Rodenstock Retino- 
meter is so easy to use your tech- 
nicians can be trained in a matter 
of minutes. 


A 


To order, or for additional 
information, call toll tree (800) 
237-5906. In Floridacall collect 
(813) 443-2606. 

Coburn Professional 

Products Division 

1375 S. Fort Harrison 
Clearwater, Fla. 33516 
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The Leader Leads: 





By Developing 


The Products That 
You Rely Upon Most. 
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Name one instrumen: that sees 
you through almost every exami- 
nation. That's right—your AO 
Ultramatic Rx Master Phoroptor. 
We developed the Phoroptor 
instrument some 50 years ago and 
we've been improving it ever 
since. 


At the heart of the Ultramatic Rx 
Master Phoroptor is the pat- 
ented synchronized cross cylinder. 
It lets you read a singie scale at 
the end of each test. But then, 
you probably know ail about that. 
And about the Ful-Vue conver- 
gence system, auxiliary lens selec- 
tion, the 6.00D cylinder range and 
all the other features that make it 
the finest instrument of its kind. 


It takes a special understanding of 
your needs to develop instruments 
like the Ultramatic Rx Master 
Phoroptor. We apply that insight 
to every instrument we make. So if 
you want ophthalmic instruments 
made with your practice in mind, 
make the American choice— 
American Optical. 





® 

American Optical 
Southbridge, MA 01550 

The American Choice. 
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DEVERS EYE CLINIC OF 
GOOD SAMARITAN HOSPITAL AND MEDICAL CENTER 
and 


THE UNIVERSITY OF OREGON HEALTH SCIENCES CENTER 


DEPARTMENT OF OPHTHALMOLOGY 
announce a conference on 


CURRENT CONCEPTS IN OPHTHALMOLOGY: 
GLAUCOMA AND NEURO-OPHTHALMOLOGY 


june 18, 19, 20, 1981 


SALISHAN LODGE on the Oregon coast 
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FACULTY 
Richard Brubaker, M.D., Rochester, Minnesota 
David Campbell, M.D., Atlanta, Georgia 
John Keltner, M.D., Davis, California 
Neil Miller, M.D., Baltimore, Maryland 
Harry Quigley, M.D., Baltimore, Maryland 
Thomas Shults, M.D., Portland, Oregon 
Michael Van Buskirk, M.D., Portland, Oregon 


Fee—Practicing Physicians—$250.00 if paid by May 15; 
$275.00 thereafter 
Residents, Fellows—$100.00 if paid by May 15; 
$115.00 thereafter 
(Qualifying letter from depart- 
ment head required) 


This program is acceptable for 12 credits in Category 1 for the 


Physician's Recognition Award of the American Medical Associa- 


tion. 


For further information write to: 
Miss Rebecca Tarshis 
Conference Coordinator 
918 N. E. 44th Avenue 
Portland, Oregon 97213 


TOURO INFIRMARY 
EYE RESEARCH LABORATORY 
NEW ORLEANS, ,LOUISIANA 
504/895-0210 


KURT A. GITTER, M.D. 
and 
GERALD COHEN, M.D. 


Medical Surgical Retina/Vitreous 
One Year Fellowship Available July 1, 1981. 


A Division of J-L.M., Inc. 


introducing 
Fully Skinned 
COMBI-PAC 
For Further 
Protection 


COMBI-PAC — Each Pac contains 200 — 250 mg. Sodium 
Chloride U.S.P. Tablets and one preparation dispenser bottle. 
Packaged 12 Combi-Pacs per box. Priced at$29.40 per box, 
unit cost$2.45/Pac. Minimum order one box. 


€ SALT TABLETS — 200 — 250 mg. Sodium Chloride U.S.P. 


Tablets. Packaged 20 bottles per box. Priced at $35.00 per 
box, unit cost $1.75/bottle. Minimum order one box. 
PREPARATION BOTTLES — One ounce preparation dis- 
penser bottles. Packaged 20 bottles per box. Priced at 
$13.00 per box, unit cost $.65/bottle. Minimum order one 
box. 


€ HEAT DISINFECTION KIT — Stainless steel fixture & Noryl* 


plastic soft lens case. Packaged 6 heat kits per box. Priced at 
$36.00, unit cost $6.00/kit. Minimum order one box. 


VOLUME DISCOUNT: Orders of 15 boxes or more of any 
Marlin Products are discounted 10%. 


ORDER PREPAID: Save shipping costs or net 30 days FOB 
Mail checks to Tarzana, CA. Calif. residents add 6% 


Sales Tax. 
or order from: a 


PH. N: A V P.O. Box 284, Tarzana, CA 91356 
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^ OPTICAL ZONE 7.0mm 
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Minus Lens 
Characteristics 


loric Lenses 








PRISM 
BASE 
DOWN 


4— — — DIAMETER 14.0mm 
l- OPTICAL ZONE 7.0mm —> 


POSTERIOR 
BEVEL 





COMFORT 
CHAMFER a 


CENTER THICKNESS 
0.10mm to 0.18mm 
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Plus Lens 
Characteristics 


COMFORT 

CHAMFER 

CENTER THICKNESS 
0.18mm to 0.24mm 
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Now Available in New Plus and Thinner 





Bausch & Lomb leads the way with a lens 
design for faster and more predictable fit- 
ting. Three micro-thin guide marks on the 
perimeter of the lens help you accurately 
determine lens stability. These guide 
marks, each 30° apart at 5, 6 and 7 o'clock 
allow you to precisely observe axis 
rotation. 


The Controlled Fit 


$ Spherical diagnostic lenses determine 
base curve, sphere, and cylinder 
correction. 


® A var:ety of predetermined fitting sets 
help to quickly determine axis. 


. . C 198: Bausch & Lomb incorporated 


Minus Sphere 


® Improved lens markings make axis 
determination fast and simple. 

€ The improved 

toric lenses 

increase fitting 

ease and reduce 

fitting time. 


Performance Pr 
Features 


Bausch & Lomb's technical leadership 
provides improved lens products as they 
become available. Our current toric 
refinements include the latest perfor- 
mance innovations. 


9 On average our minus lenses are 43% 
thinner than our previously offered 
lenses. 

9 Tapered to further reduce thickness 
and improve comfort and physiological 
response. 


9 Prism system provides constant 
stability on the eye. 


Powers for Easier Fitting. 


® Improved reproducibility. 
® Consistent clinical performance. 


Available in 1640 Combinations 


Bausch & Lomb offers a full range of both 
plus and minus sphere powers available 
in 1640 combinations to fit most patient's 
needs. All lens parameters are available 
on a 48 hour shipment basis at the indus- 
try's most reasonable (lowest) cost. All 
these features and the added assurance 
of excellent reproducibility combine to 
make this a superb Toric Lens. 


A Part of the One &Only 
5 CONTACT LENS 
Ea 


BAUSCH & LOMB @) 
SOFLENS DIVISION 
Rochester. N.Y. 14602 


The Leader in Soft Contact Lens Science 
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BAUSCH 
& LOMB (hefilcon B) 


Contact Lenses 


The BAUSCH & LOMB™ (hefilcon B) Toric Contact Lens is fabricated from copolymer 
(poly (2-hydroxyethy! methacrylate N-vinyl pyrrolidone) 55%, Water 45%). 


DESCRIPTION: The BAUSCH & LOMB™ (hefilcon B) Toric Contact Lens is a shell with a 
Toric surface of approximately 14 mm chord diameter and 0.1 to 1.0 mm thickness. The 
lens material, hefilcon B, is a hydrophilic random copolymer of 2-hydroxyethyl 
methacrylate and N-vinyl pyrrolidone. The polymer is a 3 dimensional network of 
copolymer chains joined by ethylene glycol dimethacrylate crosslinks at a density of 
about one crosslink for every 70 monomer units. It consists of 55% hefilcon B and 45% 
water by weight when immersed in normal saline. 


ACTIONS: In its hydrated state, a BAUSCH & LOMB™ (hefilcon B) Toric Contact Lens 
becomes soft and pliable. When placed on the human cornea, the hydrated lens acts as 
a refracting medium to compensate compound astigmatic ametropias. 


INDICATIONS: BAUSCH & LOMB™ (hefilcon B) Toric Contact Lenses are indicated for 
the correction of visual acuity in persons with nondiseased eyes who have refractive 
astigmatism up to 2.50D. 


CONTRAINDICATIONS: BAUSCH & LOMB™ (hefilcon B) Toric Contact Lenses are 

contraindicated by the presence of any of the following conditions: 

1. Acute and subacute inflammations of the anterior segment of the eye. 

2. Any eye disease which affects the cornea or conjunctiva. 

3. Insufficiency of lacrimal secretion. 

4. Corneal hypoesthesia. 

5. Any systemic disease which may affect the eye or be exaggerated by wearing 
contact lenses. 


WARNINGS: Medicants and Eye Drops: The BAUSCH & LOMB™ (hefilcon B) Toric 
Contact Lens must be stored in either BAUSCH & LOMB® Sterile Preserved Saline 
Solution, BAUSCH & LOMB® Sterile Saline Solution, or BAUSCH & LOMB® Sterile 
Disinfecting Solution, depending on the system of disinfection used. No ophthalmic 
solutions or medicants, including conventional hard contact lens solutions, except 
BAUSCH & LOMB® Sterile Lens Lubricant, can be used by BAUSCH & LOMB™ (hefilcon 
B) Toric Contact Lens wearers prior to, or while, the lens is in place on the eye. Only the 
appropriate disinfecting soaking solutions, Sterile Saline Solution or Sterile Disinfect- 
ing Solution, the appropriate Sterile Daily Cleaner, or the appropriate Sterile Lens 
Lubricant, may be used on the BAUSCH & LOMB™ (hefilcon B) Toric Contact Lens. 
However, your practitioner may suggest alternative products and procedures which 
should be followed. 


Abrasions and Infections: |f the lenses become less comfortable to the wearer than 
when they were first placed on the wearer's corneas, this may indicate the presence of a 
foreign body. The lenses should be removed immediately and the patient examined. If 
any scratching, redness or pain is present, a physician should be consulted 
immediately. 


Lens Care: Patients must adhere to recommended daily care of the BAUSCH & LOMB™ 
(hefilcon B) Toric Contact Lens. Failure to follow this procedure may result in 
development of serious ocular infections. 


Wearing Restrictions: The BAUSCH & LOMB™ (hefilcon B) Toric Contact Lens should 
be removed before sleeping or swimming or in the presence of noxious and irritating 
vapors. 


Visual Blurring: When visual blurring occurs the lens must be removed until the 
condition subsides, 


PRECAUTIONS: pesos The BAUSCH & LOMB™ (hefilcon B) Toric Contact Lens 
may be stored in BAUSCH & LOMB® Sterile Preserved Saline Solution, BAUSCH & 
LOMB® Sterile Saline Solution, or BAUSCH & LOMB® Sterile Disinfecting Solution. If left 
exposed to air, the lenses will dehydrate. If a lens dehydrates, it should be soaked in 
BAUSCH & LOMB® Sterile Preserved Saline Solution, BAUSCH & LOMB® Sterile Saline 
Solution, or BAUSCH & LOMB® Sterile Disinfecting Solution until it returns to a soft, 
supple state. 


CLEANING AND DISINFECTING: BAUSCH & LOMB™ (hefilcon B) Toric Contact 
Lenses must both be cleaned and disinfected daily. One procedure does not replace the 
other. Cleaning is necessary to remove mucus and film from the lens surface. Excessive 
deposits may damage the lens; therefore, if this occurs, review care of lens with patient. 


Bausch & Lomb offers a complete line of quality care products that make soft lens 
maintenance quick and easy. Familiarize yourself with the recommended products and 
procedures that follow, then try them for yourself. The products and procedures 
recommended constitute the Bausch & Lomb System of Care for Soft (hydrophilic) 
Contact Lenses. You may wish, however, to utilize other appropriate products and 
procedures. 


Cleaning: After removal from the eye, BAUSCH & LOMB™ (hefilcon B) Toric Contact 
Lenses must be rubbed gently with BAUSCH & LOMB® Sterile Daily Cleaner, then rinsed 
with BAUSCH & LOMB® Sterile Preserved Saline Solution or BAUSCH & LOMB® Sterile 
Saline Solution to remove mucus and film from the lens surface. 


Heat Disinfection: Saline Solution must be used DAILY for rinsing, storing and 
disinfection of lenses. The BAUSCH & LOMB™ Lens Carrying Case must be emptied and 
refilled 2/3 full with fresh saline solution just before disinfecting the lenses in the 
BAUSCH & LOMB™ Disinfecting Unit Il. The BAUSCH & LOMB™ Lens Carrying Case 
must always be tightly closed to prevent leakage of saline from the Case and 
subsequent dehydration of the lenses. The Lens Carrying Case should be washed at 
least once a week with hot water and then rinsed thoroughly with saline solution. Soap 
and other cleaners should never be used to clean the Lens Carrying Case. 


Disinfecting with a BAUSCH & LOMB™ Disinfecting Unit II is necessary to kill 
microorganisms. If a BAUSCH & LOMB™ Disinfecting Unit Il is not available, lenses may 
be disinfected by immersing them in BAUSCH & LOMB® Sterile Saline Solution or 
BAUSCH & LOMB® Sterile Preserved Saline Solution in the Lens Carrying Case and 
dropping the sealed case into a pan of already boiling water. Remove the pan from heat 
after ten minutes and allow the water to cool before removing the lenses. When this 
boiling method of disinfection is used, the lenses can be damaged if the boiling water is 
allowed tc completely evaporate. 


After disinfecting, wait at least one hour before removing the lenses from 
Lens Carrying Case. 


All components necessary for heat disinfection are included in the BAUSCH & LOMB™ 
Care Kit Il. 


Chemical Disinfection: Disinfecting with BAUSCH & LOMB® Sterile Disinfecting 
Solution has been tested microbiologically and shown to be an effective disinfecting 
procedure for BAUSCH & LOMB'M (hefilcon B) Toric Contact Lenses. If chemical 
disinfection is used, the BAUSCH & LOMB™ (hefilcon B) Toric Contact Lens must be 
cleaned and rinsed daily with Bausch & Lomb® Sterile Daily Cleaner and BAUSCH & 
LOMB® Sterile Disinfecting Solution. The lens storage case must be emptied and 
refilled with fresh BAUSCH & LOMB® Sterile Disinfecting Solution prior to disinfecting 
the lenses. Fresh BAUSCH & LOMB? Sterile Disinfecting Solution must be used daily for 
storing and disinfecting the lenses. 


WARNING: DO NOT MIX OR ALTERNATE THE HEAT DISINFECTION AND CHEMICAL 
DISINFECTION SYSTEMS. BAUSCH & LOMB® STERILE DISINFECTING SOLUTION 
SHOULD NOT BE USED WITH HEAT. 


Lens Care: Patients must be instructed to wash and rinse hands thoroughly and dry 
with a lint-free towel before handling the lenses. 


Cosmetics, lotions, soaps and creams must not come in contact with the lenses because 
eye irritation may result. If hair spray is used while the lenses are being worn, the eyes 
must be kept closed until hair spray has settled. 


Fluorescein: Never use fluorescein while the patient is wearing the lenses because the 
lenses will become discolored. Whenever fluorescein is used, flush the eyes with normal 
saline solution and wait at least one hour before replacing the lenses. Too early 
replacement may allow the lenses to absorb residual fluorescein irreversibly. 


ADVERSE REACTIONS: Serious corneal damage may result from wearing a lens 
which has been soaked in a conventional hard contact eye solution. 


Eye irritation may occur within a short time after putting on a hypertonic lens. Removal 
of the lens will relieve the irritations. 


On rare occasions a lens may adhere to an eye as a result of the patient sleeping with 
the lens on, or wearing a hypotonic lens. 


If a lens adheres for any reason, patients may be instructed to apply a few drops of 
BAUSCH & LOMB® Sterile Saline Solution, BAUSCH & LOMB® Sterile Preserved Saline 
Solution, or BAUSCH & LOMB® Sterile Lens Lubricant and wait until the lens moves 
freely be*ore removing it. 


Rainbows or halos around objects or blurring of the vision may occur if the lenses are 
worn continuously for too long a time. Removal of the lenses and a rest period of at 
least one hour generally relieve these symptoms. 


Excessive tearing, unusual eye secretions, and photophobia are not normal; if these 
occur, the patient should be examined by a practitioner to determine their cause. 


FITTING AND WEARING: Conventional methods of fitting hard contact lenses do not 
apply to BAUSCH & LOMB™ (hefilcon B) Toric Contact Lenses. For a detailed 
description of the fitting technique, refer to the BAUSCH & LOMB™ (hefilcon B) Toric 
Fitting Guide, additional copies of which are available from: Bausch & Lomb 
Incorporated, Rochester, New York 14602. 


There may be a tendency for the patient to overwear the lenses initially. Therefore, the 


importance of adhering to the following initial daily wearing schedule should be 
stressed'to the patient; 


Maximum Maximum 
Wearing Time Wearing Time 
Day (Continuous Hours) Day (Continuous Hours) 
1 3 8 8 
2 3 9 8 
3 4 10 10 
4 E 11 12 
9 6 12 14 
6 6 13 15 
7 8 14 157 





*Note: Studies have not been performed to support the safety of the lens for longer 
than the recommended wearing time. 


Care must be taken on the initial visit to assure that the patient is supplied with a lens 
care kit and fully understands all care and handling instructions for the lenses. As with 
any contact lens, regular recall visits are necessary to assure patient health and 
compliance with instructions. 


HOW SUPPLIED: Each lens is supplied sterile in a glass vial containing sterile normal 
saline solution. The glass vial is marked with the base curve, sphere, cylinder, axis, 
diameter, manufacturing lot number and expiration date of the lens. To assure proper 
lens care and handling, each BAUSCH & LOMB™ (hefilcon B) Toric Contact Lens patient - 
must be supplied with a lens care kit. 


CAUTION: FEDERAL LAW PROHIBITS DISPENSING WITHOUT A PRESCRIPTION. 


A BAUSCH & LOMB™ Care Kit II (thermal) or Care Kit 3 (chemical) is available for lens 
disinfecting, cleaning, and storage. 


April 1981. 


BAUSCH & LOMB 
SOFLENS DIVISION 
Rochester, N.Y.14602 


Grieshaber 
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Microsurgery “ 
Knives 


A fresh edge every time, 
and always Grieshaber sharp. 
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Handfinished, lightweight, sterile, ready 
to use, disposable. Now available directly 
from Grieshaber in the U.S. Write or call for 
ordering information. 


GreshabersCo. 


1056 Trenton Rd., P.O. Box 807, Fallsington, PA 19054 
Telephone (215) 547-7676 


Grieshaber is here! 
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BASIC SCIENCE COURSE IN OPHTHALMOLOGY 
AT STANFORD 


July 1 through September 4, 1981 


Held in conjunction with the Northern California Universities: 


University of California, Davis 

Pacific Medical Center 

University of California, San Francisco 
Stanford University 


| Sections include Anatomy, Microbiology and Immunology, Pathology, Physiology, Biochemistry, Embryology and 


Genetics, Motility, Glaucoma, Pharmacology, Neuro-ophthalmology, Fluorescein Angiography, Optics and Theory of 
Refraction. 


Instructors include Doctors C. Beard, P. Boeder, B. Crawford, C. Dawson, A. Dellaporta, P. Egbert, A. Flach, M. Hall, 
J. Hetherington, Jr., S. Kramer, M. Marmor, D. Michaels, R. O'Connor, G. Paris, H. Schatz, A. Scott, R. Shaffer, R. 
Sogg, W. Stewart, P. Thygeson and many others on the faculty of 60. 


Tuition is $900.00. For further information and application forms, please write to J. W. Bettman, M.D., Division of 
Ophthalmology, A-227, Stanford Medical Center, Stanford, California 94305. 





Wanted THE EDWARD S. HARKNESS 
OPHTHALMOLOGIST EYE INSTITUTE 
for Columbia-Presbyterian Medical Center 
New York, New York 
ALASKA NATIVE 
MEDICAL CENTER announces 
: for 
There are many cultural and outdoor activities Residents of Ophthalmology 
available including skiing. For further details 
contact: September 8, 1981—December 22, 1981 
David Brauner, M.D. 8:00 A.M. to 12:15 P.M. Daily 
Medical Director : 
ALASKA NATIVE MEDICAL CENTER Fee: $600 
P.O. Box 7-741 Inquire: Alice B. McBride 
Anchorage, Alaska 99510 635 West 165th Street 


New York, New York 10032 
Tele: (212) 694-2725 


or call collect: 907-265-3251. 
WE ARE AN EQUAL OPPORTUNITY EMPLOYER 








A CONTEMPORARY 


SYSTEM FOR INSTRUMENTATION 





Gentralizec Control Center with Con- 
veniently Located, Illuminated Power 
Switches 


Swivel Control Console for Practitioner 
2onvenience 


Modular Rechargeable Wells Provide 
2onvenient Interchangeability for Most 
iechargeeble Instruments 


-ED Light Indicates when Diagnostic 
nstruments are Charging 


theostat-Controlled Binding Post Ac- 
SP a Corded Fourth Instrument 


theostat-Controlled Overhead Lamp 
;ounter-balanced Refractor Arm 


980 SMR SPA-455 
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INSTRUMENT STAND 





TM 





e Counter-balanced Slit Lamp Arm 
e Thermal Circuit Overload Protection 
e Three 115V Auxiliary Outlets 


e Scratch Resistant Finish for Years of 
Durability 


e Choice of Three Colors 
e Optional Counter-balanced Third Arm 


For additional information about SMR's 
System 1™ Instrument Stand, contact your 
local SMR Distributor or write: 


SMA) 


3365 Tree Court Industrial Bivd. St. Louis, Missouri 63122 
800-325-9599 (314) 225-3100 


a Storz COMPANY 








The address, 


telephone number 


and Us. 












The name is the same because the high 
Quality standards of our products for ophthal- 
mology are the same. And our commitment 
to bring you innovations of significance is 

the same. 

What's new is a team genuinely con- 
cerned with your needs and determined to 
respond to them quickly. 

Call us at 617-749-8915 with your cur- 
rent need. Or write Mentor, 20 Industrial Park 

T^ Road, Hingham, Mass. 09043. You'll be pleas- 
antly surprised at the speed of our response. 


The Exeter" Indirect Ophthalmoscope 

The Wet Field" Coagulator & 8 bipolar forceps 
Merocel™ Surgical Sponges and Wipes 
Mentor" Slit Lamps 

Honan's Intraocular Pressure Reducer 

Mentor CM-III Microscopes 

Mentanium" Vitreoretinal Instrument Sets 


Nientor 
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SHEETS EYE FOUNDATION 


AND 


TEMPLE UNIVERSITY, DEPARTMENT OF OPHTHALMOLOGY 
April 3-4, 1981 June 12-13, 1981 


WORKSHOP ON EXTRACAPSULAR SURGERY 
INTRAOCULAR LENSES AND 
SECONDARY IMPLANTATION 


COURSE WILL INCLUDE DIDACTIC SESSIONS FOLLOWED BY PRACTICAL ANIMAL SURGERY AND 
ARTIFICIAL EYE SURGERY IN THE LABORATORY USING MICROSCOPES. VARIOUS METHODS OF 


EXTRACAPSULAR SURGERY, CAPSULE FIXATED INTRAOCULAR LENSES, INCLUDING THE POPULAR 
POSTERIOR CHAMBER LENSES, SECONDARY IMPLANTATIONS WILL BE COVERED. 


16 CME CREDITS COURSE FEE: $600.00 


FACULTY 


Dan Bruhl, M.D. Bobby Maddox, M.D. 
Bill Harris, M.D. John H. Sheets, M.D. 
Henry Hirschman, M.D. Robert Sinskey, M.D. 
Guy Knolle, M.D. Nalin Tolia, M.D. 


FOR REGISTRATION CONTACT: Mrs. Barbara Burge, (915) 367-7241 


How many times have you heard 
B this complaint from your patients 
© with...aphakia, uveitis, bullous kera- 
| topathy, albinism, inflammatory cor- 

i RS neal disease, incipient cataract, post- 
Op Perse lens implant ind all anterior segment surgery. 

Now OLo has the answer! At prices that are realistic! 

OLo offers significant protection to patients whose eyes must be 
shielded from ultraviolet light and wind; patients with pterygium; basal 
cell carcinoma; pinguecula; skin lesions that respond to actinic rays. 

OLo in new full size may be worn alone or over most spectacles. Wrap 
around side shields and anti-glare frosted brow guard make these sun- 
glasses remarkably comfortable. 





| OLo Products, Inc. AO 
| Box #613, Manhasset, N.Y. 11030 Tel. (516) 487-8576 
|. Please send me: a sample pair of Sunglasses. | am enclosing $6.00 (professional price) 
! plus $1.50 for postage and handling. 
EN Light Green 10% transmission. L Medium Amber 8% transmission. 
LJ Send me detailed Brochure. 
ofi ee EE MENT e Pee a SAS Pe a RENI TESTS 





"Doctor I can't find 
sunglasses dark enough." 


Five different modes- light transmis- 
sion from 1%—10%—plano only. Case in- 
cluded. Lower transmission: at increased 
cost reduce IR significantlv. Colors — 
light green, medium amber, amber, - 
dark grey-green, dark greer. 
Priced as low as $4.50 en 
quantity orders. Send for in- 
formation. See coupon below. 


OO OLo 


Products, Ltd. 














Safe, Effective 
Extended Wear. | 
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- PERMALENS (perfilcon A) Contact Lenses 
are now indicated for extended-wear 
vision correction. 

. Round-the-clock Vision Correction. 


E For the first time, most of your patients can 
now enjoy the convenience of extended wear. 

Bl You can prescribe PERMALENS® Contact 
Lenses with confidence —secure in the 
knowledge that these lenses were specifically 
designed for extended wear 

ll] PERMALENS Contact Lenses have demon- 
strated clinica! safety, effectiveness, and superior 
oxygen transmission in U.S. clinical trials and 

in seven years of international use. 


Advanced Polymer Design Makes Extended 
Wear Safe and Effective. 

E] PERMALENS Contact Lenses combine lens 
design, polymer structure, and water content to 
provide superior oxygen transmission — essential 
for good corneal health and response. 

, a superior Equivalent Oxygen Performance 
(EOP) was obtained by polymer design, not by 
reducing the center thickness or increasing 

the water content of a daily wear lens. 

E] Water is an excellent medium 

to transport oxygen through © 
the lens; not just the center, but 
across the entire surface of 

the lens. 

Il] Designed specifically for 
extended wear, perfilcon A is an 
"Open powmer containing 74 percent 

water. 
E The PERMALENS material, perfilcon A, 
has a superior EOP compared with lower water 
content lenses. 
Æ PERMALENS Contact Lenses allow the natural 
tear film under the lens to remain intact. At 74 
percent, the water content is almost the same as 
the cornea, providing a balanced rate of 
evaporation between the atmosphere and 

*lhe eye. 








Facing page: Artist's conception of the cross-section of a PERMALENS Contact Lens. The 
lens comprises 74 percent water (shown in blue), 29 percent polymer (white). Oxygen (gold) 
uses the water in the lens as a pathway between the atmosphere and the cornea of the 
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A typical first generation soft contact lens, with 
38.6 percent water, provides a limited number of 
oxygen pathways through the lens. 











A second generation soft contact lens, with 
55 percent water, provides more oxygen pathways. 9 


PERMALENS® Contact Lenses, with 71 percent water, e e 
allow superior oxygen transmission while retaining © 1 
the necessary dimensional stability for extended 
wear. 


D 
Percent Equivalent Oxygen Performance (EOP) Vs. Lens Center Thickness? 


The relative EOP of three hydrophilic 
contact lens materials over various 


ranges of lens thickness. A sample nae 

Dk value appears in parentheses ( j 

for each in units multiplied by go— 
10*!! (cm?/sec)m40^/ml x mm Hg; m ees 


RT = room temperature. - GLYCOGEN 


— HYDROCURVE II, 45% (16,RT) 
— EDEMA 


0.4 


3 = 
BAL SOFLENS” 
38.6% (B.RT) 


0 


0.1 0.2 0.3 
LENS THICKNESS (mm) 





"Hill, R.M. and Mauger, TF. Oxygen update: Hydrophilics. 
Int. Contact Lens Clin. 17(5}224-226, Sept./Oct. 1980 


Clinical Results" Prove PERMALENS (perfilcon A) 
Contact Lenses Safe and Effective. 


The L.S. clinical investigation of PERMALENS® Contact Lenses in routine vision 
improvement began in January, 1977. A total of 813 patients entered the study 
with 523 wearers continuing to participate as of February, 1984. 


PERMALENS Contact Lens Study Participants 





184 NO previous contact lens experience 
477 Prior successful contact lens wearers 
152 Prior unsuccessful contact lens wearers 
813 Total Participants 

+ EFFICACY 


The efficacy of PERMALENS Contact Lenses for extended wear has been 
cleary established. Visual acuity achieved is comparable to that obtained 
with other soft contact lenses. 





Visucl Acuity Achieved 
V/A Percent Achieved V/A Percent Achieved 
20/45 11% 20/30 296 
20/20. E 8096 20/40 or less 1% 
20/25 | 6% 
*- SAFETY 


Corneal compatibility has been determined in slit lamp examinations that 
show PERMALENS Contact Lenses to be safe for extended wear 


Slit Lamp Examinations (Percent of Positive Findings) 


Wearing Time 1 Day- 2-6 7-42 19-24 31-36 
Observation Prefit(%) 4 Month(%) Months(%) Months(%) Months(96) Months (96) 
Edema Q.7 Za 2 3e 4.4 2.6 
Injection 23 4.7 4.7 3.9 6.8 3.8 
Vascularization 0.7 0.6 0.4 0.8 0.7 0.3 
Staining — Zo 3.6 5.0 4.7 6.1 1.0 


Pachomeiry readings showed no significant corneal thickening from 
baseline measurements for wearers of PERMALENS Contact Lenses. 


Pachometry Results (Percent of Change) 


Wearing Time Average Change 
in Months From Baseline Measurement 
-= 0-4 +2. 43% 
~ 2-5 + 97% 
ý |. 6-9 + 32% 
9-12 ^ — 2.4996 
|.424 + OO% 


'Clinical summary data on file at CooperVision Optics Division. 
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Proven in Extended Wear 
Around the World. 


Seven Years of Extended-Wear Vision Correction. 
[E] PERMALENS? Contact Lenses were introduced 
in 1974; they were the first exiended-wear 

lenses developed and offered anywhere in the 
world. 

E The performance of PERMALENS Contact 
Lenses is documented in seven years of clinical 
experience; the lenses are currently being 

fitted in forty-seven countries. 

E PERMALENS Contact Lenses were subjected 
to extended-wear clinical trials in Europe 

shortly after the first daily wear soft contact 
lenses were introduced in the United States. 

E] PERMALENS Contact Lenses have attained the 
pre-eminent position in the United States in 
aphakic vision correction. In 1980, more than 6 
out of 10 aphakic extended-wear patients 

were fitted with PERMALENS Contact Lenses. 
Patients enjoy the comfort and convenience 
of extended wear. The extreme suppleness of 
the perfilcon A material makes the lenses 
exceptionally comfortable on the eye. 


Quality Manufacturing Assures Reproducibility. 
[E] PERMALENS Contact Lenses are 
manufactured in a controlled 
manufacturing environment with 

rigid quality assurance procedures, 
to insure reproducibility. 

I] CooperVisions reputation for quality 

control is based on our recognized 
experience for manufacturing superior 
high-plus lenses for aphakic patients. 

Designed for Practitioner Acceptance, too. 

E Practitioners find that fitting PERMALENS 

Contact Lenses is extremely simple. The chart 

on the following page illustrates the lens selection 

procedure. 





If {initial lens) 


8.0/13.5 


is too loose select 
(tightest lens) 


| 
is too tight select 
(loosest lens) 


8.3/43.5 7.7/43.5 


ll Practitioners and patients appreciate the 
simple lens-care regimen. The same chemical* or 
low-heat thermal care systems used with other 
sof lenses may be used with PERMALENS* 
Contact Lenses. 

Æ -or re-hydration during lens wear, a few drops 
of Clerz® Lubricating and Rewetting Eye Drops 
moy be used. 

E CooperVision provides the service that makes 
extended wear easy for your practice. These 
include favorable terms, a simple reordering 
sysiem that minimizes paperwork, a wide 

varety of standard inventory sets, and custom 
sets as ieeded. A new lens insurance program 
that is both economical and easy to use is 
available from CooperVision Contact Lens 
Insurance Service, Inc. 


Sate, Effective Extended Wear is Here. 

Bl Contact your CooperVision Optics represen- 
tative for full details on PERMALENS® Extendea- 
Wear Contact Lenses. Or call (800) 227-8170. 

In California, (800) 982-6100. In Alaska, Hawaii, 
(800) 227-8498. 


"The recommended chemical lens care regimen is the Preflex"/Flexcare”/Clérz” regimen. 


| 

| ® 
Permalens 
(perfilcon A) 
Contact Lenses 
Extended Wear by Design 


For full prescribing information see following page. 
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Permalens' (perfilcon A) Hydrophilic Contact Lens For Extended Wear Vision Improvement Use In Patients Who Are Not Aphakic 


DESCRIPTION 

The Permalens* (perfilcon A) Hydrophilic Contact Lens is a hemi- 
spherical shell which covers the cornea and may cover a portion of 
the adjacent sclera. The perfilcon A material is a terpolymer of 
2-hydroxyethyl methacrylate, N-vinyl-2-pyrrolidone, and metha- 
crylic acid, with ethyleneglycol dimethacrylate as a crosslinking 
agent. When fully hydrated in buffered normal saline, the water 
content is 71%. The refractive index is 1.38 and light transmission 
is at least 96% for the visible light spectrum. For the minus lenses 
the base curve ranges from approximately 7.7 mm to 8.6 mm, with 
a diameter of approximately 14.0 mm. Center thickness ranges 
from 0.1 mm to 0.24 mm. The gas permeability of Permalens' (per- 
filcon A) Hydrophilic Contact Lens has been determined to be: 
42.0 x 10-" (cm?/sec)ml O,;/ml x mmHg at 36°C. The percent 
equivalent oxygen performance has been determined to be ap- 
proximately 11.5% for a Permalens* (perfilcon A) Hydrophilic 
Contact Lens of 0.17 mm center thickness. 


Permalens* (perfilcon A) Hydrophilic Contact Lenses are avail- 
able in powers from plano to - 20.00 diopters. 


ACTIONS 

In its hydrated state, the Permalens' (perfilcon A) Hydrophilic Con- 
tact Lens is soft and pliable. When placed on the eye, the hydrated 
lens acts as a refracting medium to compensate spherical ame- 
tropias. 


INDICATIONS (Uses) 

The Permalens: (perfilcon A) Hydrophilic Contact Lens is in- 
dicated for extended wear use to improve vision in patients with 
healthy eyes who are not aphakic and who have no more than 2 
diopters of corneal astigmatism. 


CONTRAINDICATIONS (Reasons not to use) 

The Permalens* Hydrophilic Contact Lens should not be dispens- 

ed for vision improvement if the patient has any of the following 

conditions: 

iB Acute and subacute inflammation of the anterior segment of 

the eye. 

ll Any eye disease which affects the cornea or conjunctiva. 

B Any active corneal infection: purulent (pus) bacterial, fungal, or 
viral infection. 

Bi Insufficiency of lacrimal secretion (dry eyes). 

lll Corneal hypoesthesia (reduced corneal sensitivity). 

E Any systemic disease which may affect the eye or be exagger- 
ated by wearing contact lenses. 

lll Allergy to any ingredient in the solutions necessary for care of 
the lenses. Thimerosal, used as a preservative in many solu- 
tions, is one cause of such allergy. 


WARNINGS 

SERIOUS DAMAGE TO THE EYE AND LOSS OF VISION MAY 
RESULT FROM PROBLEMS WITH CONTACT LENSES. IMMEDI- 
ATELY CONSULT YOUR EYE CARE PRACTITIONER TO IDENTIFY 
THE CAUSE OF ANY UNEXPLAINED EYE DISCOMFORT, WATER- 
ING, VISION CHANGE, OR REDNESS OF THE EYE AND TO BEGIN 
ANY NECESSARY TREATMENT. 


PRECAUTIONS 


You must take the following precautions to prevent damage to 

your eyes or to your Permalens' Hydrophilic Contact Lenses: 

E Always wash and rinse your hands before handling your lenses. 
Eye irritation may result if cosmetics, soaps, lotions, creams, or 
deodorants come in contact with your lenses. 

i Avoid using aerosol products such as hair spray while wearing 
your lenses. If a spray is used, keep your eyes closed until the 
spray has settled. 

E Fluorescein should not be used while the lens is on the eye. 

B Always follow the lens care system recommended for your Per- 
malens* Hydrophilic Contact Lenses. (See Directions). 

E Do not mix or alternate heat (thermal) and chemical (not heat) 
lens care systems. 

Wi Use only the recommended lens care solutions. Do not use sa- 
liva or anything other than the approved solutions to wet 
(hydrate) the lenses. (See Directions). 

E Avoid all harmful or irritating vapors and fumes while wearing 
your lenses. 

E Do not swim with your lenses in place. 

@ Never use tweezers or other implements to remove the lens 
from the lens container. Pour the lens into your hand. 

E Do not touch the lens with your fingernails. 


ADVERSE EFFECTS (Possible problems) 

The following adverse effects have been reported with the use of 

soft contact lenses, including Permalens* Hydrophilic Contact 

Lenses: 

E Discomfort, or feeling of something in the eye (a foreign body, 
or an abrasion, or a scraped area) 

E Eye infection 

iB Stinging, burning, itching (irritation) 

@ Excessive watering of the eye (tearing) 
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@ Redness of the eyes 

E Dry eyes 

E Reduced sharpness of vision (poor visual acuity) 
@ Blurred vision 

Bi Sensitivity to light (photophobia) 


What to do if a problem occurs: 


Bi First remove the lens. 

ii If the discomfort or problem stops, then look closely at the lens. 

E If the lens is chipped, cracked, or otherwise damaged, DO NOT 
put the lens back on your eye. Return the lens to the storage 
case. Then contact your eye care practitioner. 

E If the lens has dirt, an eyelash, or other foreign body on it, thor- 
oughly clean and disinfect the lens using the method recom- 
mended by your eye care practitioner. (See Directions) 

E If the problem does not stop, or if it recurs when you replace the 
lens, contact your eye care practitioner immediately. 


DIRECTIONS (How to care for your lenses) 


General Instructions 

E BOTH CLEAN AND DISINFECT THE LENSES EACH TIME 
THEY ARE REMOVED FROM YOUR EYES. 

@ First wash and rinse your hands thoroughly. 

@ Use only the recommended system of lens care, either heat 
(thermal) or chemical (not heat). 

E DO NOT ALTERNATE OR MIX LENS CARE SYSTEMS. 

ll Use the right solutions (see chart of approved solutions). 

E After disinfection leave the lenses in the unopened storage 
case until ready to put the lenses on your eyes. 

@ Empty ail of the solution from the storage case as soon as you 
remove your lenses. 


CLEANING 

E Place 3 drops of PREFLEX’ Sterile Cleaning Solution on each 
surface of the lens and thoroughly clean between thumb and 
forefinger for at least 20 seconds to remove mucus and other 
deposits. 

E Rinse both surfaces thoroughly for at least 10 seconds with a 
steady stream of PERMASOL™ Rinsing and Storage Solution, 
UNISOL’ Preservative-Free Saline Solution, or FLEX-CARE* 
Sterile Solution for Rinsing, Storing and Disinfecting, depend- 
ing upon the disinfection method used. (See Approved Solu- 
tions Chart.) 


DISINFECTING 


Heat (thermal) Lens Care System 

@ First clean and rinse the lenses. (See Cleaning). 

E Place each lens in the correct section (Right or Left) of the stor- 
age case or vial and fill with the recommended rinsing solution; 
be sure the lens is completely covered. 

8 Close the storage case tightly. 

@ Place the storage case in the recommended low-heat disinfec- 
tion unit. 

® Disinfect according to the directions for operation of the low- 
heat disinfection unit. 

E After disinfection, store the lenses in the unopened storage 
case until ready to place on the eyes. 

E Empty the storage case after removing the lenses and allow the 
case to air dry. 


EMERGENCY (ALTERNATE) METHOD FOR HEAT (THERMAL) 
LENS CARE SYSTEM 


e if a low-heat disinfection unit is not available, place the 
storage case containing the lenses in a pan of already boil- 
ing water for 10 minutes (at altitudes above 7000 feet boil for 
15 minutes). 

e Remove the pan from the heat ana allow to cool for 30 min- 
utes to complete disinfection. 

e USE OF THE RECOMMENDED LOW-HEAT DISINFECTION 
UNIT MUST BE RESUMED AS SOON AS POSSIBLE. 


Chemical (not heat) Lens Care System 


B First clean and rinse the lenses. (See Cleaning) 

8i Place each lens in the correct chamber (Right or Left) of your 
empty storage case. 

E Fill the storage case with fresh FLEX-CARE' disinfection solu- 
tion, completely covering the lens. 

E Close the storage case tightly. 

@ NEVER HEAT THE PERMALENS: IN THE DISINFECTING SO- 
LUTION. 

@ Leave the lenses in the solution for at least 4 hours. 

@ Remove each lens separately. 

ii Rinse thoroughly with FLEX-CARE* before putting the lens on 
the eye. 


Lens Care Solutions 


A complete list of solutions approved for use with the Permalens * 
(perfilcon A) Hydrophilic Contact Lens is given in the following 
table. f 


APPROVED SOLUTIONS FOR USE WITH PERMALENS" 
(PERFILCON A) HYDROPHILIC CONTACT LENS 











SYSTEM HEAT (THERMAL) CHEMICAL «NOT HEAT) 
PROCESS DISINFECTION SYSTEM DISINFECTION SYSTEM 
CLEANING PREFLEX* PREFLEX* 
RINSING PERMASOL™ *FLEX-CARE* 
UNISOL™ 
DISINFECTING PERMASOL™ used with *FLEX-CARE* 
approved low-heat 
disinfection unit 
UNISOL" used with 
approved low-heat 
disinfection unit 
pia nc ox Solo AERE e 
LUBRICATING CLERZ* CLERZ* 
ADAPETTES" ADAPETTES 


o — ri n —— Ma  —— —— 


* Chemical solution which disinfects. NOT TO BE USED WITH HEAT The use of 
FLEX-CARE* with heat has a harmful effect on the lenses. 


Product List: 

ADAPETTES* Sterile Lubricating Solution 
(Burton. Parsons & Co.. inc.) 

CLERZ* Lubricating and Rewetting Eye Draps 
(CooperVision. Inc.) 

FLEX-CARE* Rinsing. Storing and DisintectingsSoiution 
(Burton. Parsons & Co.. Inc.) 

PERMA-CASE™ Contact Lens Storage and Carryina Case 
(CooperVision. Inc.) 

PERMASOL™ Rinsing and Storage Solution 
(CooperVision. Inc.) 

PREFLEX* Sterile Cleaning Solution 
(Burton. Parsons & Co.. Inc.) 

UNISOL™ Preservative-Free Saline Solution-for rins- 


. ing and storing in the heat system 
(CooperVision. Inc.) 


How to care for a dried out (dehydrated) lens 


Bl Always keep the lens completely coveres in the reccmmended 
storage solution when the lens is not being worn. to prevent the 
lens drying out. 


E if a Permalens' Hydrophilic Contact Lens is left expesed to the 
air for 30 minutes or longer it will become dry and trittle. 


To rewet your lens 
® Handle a dried-out lens with care. 


ii First, place the lens in its storage case, and soak for et least one 
hour in one of the recommended rinsing and storage solutions: 
PERMASOL™ or UNISOL™ when using the heat (thermal) sys- 
tem, FLEX-CARE* when using the chemrzal (not heat) system. 

@ Next, clean and disinfect the rewetted (rahydrated) ens, using 
the lens care system recommended by-your eye care practi- 
tioner. (See Directions) 


DOSAGE AND ADMINISTRATION 
Fitting Information 


In general, the eye care practitioner will use conventional 
methods to fit the Permalens* (perfilcon A Hydrophit c Contact 
Lens for vision correction. For a detailed description ofthe recom- 
mended fitting procedure refer to the Perrsalens* Fitt ng and In- 
formation Guide, available from CooperVision. Inc. (address below). 


Dosage (Wearing schedule) 


NOTE: Not every patient is able to wear the Pe: malens" 
Hydrophilic Contact Lens on an extended wear basis even if able 
to wear a lens on a daily wear basis. The=ye care practitioner 
should determine the wearing schedule. Regular checkups. as de- 
termined by the eye care practitioner, are extremely important. 


The eye care practitioner may recommend a limited wearing time 
for the first two days. However, clinical studies have established 
that a wearer's eyes adapt readily to wearing the Permalens* Hy- 
drophilic Contact Lens on an extendedwear basis, and that 
limited initial wear is usually not necessary. 

The lens should be removed for cleaning and disinfectron at least 
once every two weeks (14 days). 


HOW SUPPLIED 
Each lens is supplied sterile in a sealed gass vial containing a 
sterile buffered isotonic salt solution. The vial is marked with the 
dioptric power, base curve, diameter, lot number, and expiration 
date of the lens. 


CAUTION: FEDERAL LAW PROHIBITS DISPENSING WITHOUT 
PRESCRIPTION 
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Optics Division ~ 


265 N. Whisman Rd. 
Mountain View, CA 94043 


DAVIS+GECK 


THE OPHTHALMIC NEEDLE _ 
YOU'LL PREFER TOMORROW 
YOU'LL FIND ON OUR SUTURES 
: TODAY. 











The leading edge in ophthalmic ophthalmic needles that come in a variety of 


surgery begins with our 160- diameters and arc sizes. 

degree needle... ... and ends with our sutures. 
In 6 or 8-wire diameter, the Davis + Geck For procedures requiring nonabsorb- 

new 160-degree needle is ideal for cataract able sutures, Davis + Geck needles are 


amd corneal surgery. ! 
s A 


ot pass is designed to encourage 
precise approximation and 
minimize posterior gape in 
delicate ophthalmic closures. 

For ease of handling, it's 
ursurpassed. The needle 
almost seems to draw your hand ~ 
aleng behind it. And its point is MM 
precisely angled, honed and New 160° 
pdlished by hand. 

Our needle has A ' 


less of a shoulder 









Z3 than conventional 
TER 
* needles, so available on Dermalon® monofilament nylon 
- tissue is less suture and on silk. 
inclined to tent When you need an absorbable suture. 
during passes. It's made of a special blend of use a Davis + Geck needle on Dexon® *S" 
steel alloys, to resist bending and breaking. polyglycolic acid suture. 
And it won't glare under the lights, like electro- Whatever ophthalmic procedures you 
polished needles can. perform, you'll get precise, predictable 
The new 160-degree micro- surgical results from your sutures when you close 
needle is one of a full line of Davis 4- Geck with Davis 4- Geck. 
* | 
DAVIS+GECK 
American Cyanamid Company 


Wayne, N.J. 07470 


YALE ALUMNI IN OPHTHALMOLOGY OPHTHALMOLOGIST 
1981 ANNUAL MEETING 
CURRENT CONCEPTS IN 
VITREO-RETINAL DISEASES 
Friday, June 5, 1981 at Yale 


New Haven, Conn. 


SOUTH DAKOTA 


Excellent opportunity for board 
eligible/certified ophthalmologist 
to join clinic in South Dakota. 
Three-year guarantee includes re- 
location expense and joint hospi- 
tal support. University affiliation 





FACULTY: 
Bradley Straatsma, M.D. 
Jules Stein Eye Institute 
Ron Michels, M.D. 
Johns Hopkins University 
James Puklin, M.D. 
Yale University 
Banquet Dinner 
Guest Speaker: Harvey Ruben, Author 


NEOSPORIN 
Ophthalmic 


Solution Sterile f 
(Polymyxin B- 
Neomycin—Gramicidin) 


Each cc contains: Aerosporin® (Polymyxin B 
Sulfate) 5,000 units, neomycin sulfate 2.5 mg 
(equivalent to 1.75 mg neomycin base), 
gramicidin 0.025 mg. Vehicle contains 
alcohol 0.5%, thimerosal (preservative) 
0.001% and the inactive ingredients propyl- 
ene glycol, polyoxyethylene polyoxypropyl- 
ene compound, sodium chloride and 

purified water. 


NEOSPORIN 
Ophthalmic 

Ointment Sterile 4 
(Polymyxin B- 
Bacitracin—Neomycin) 


Each gram contains: Aerosporin® (Polymyxin B 
Sulfate) 5,000 units, bacitracin zinc 400 

: 0 . units, neomycin sulfate 5 mg (equivalent to 
Rush-Presbyterian-St. Luke's Medical Center 3.5 mg neomycin base), special white 
present: petrolatum qs. 


A SYMPOSIUM ON DISEASES AND SURGERY Brief Disclosure below applies to the solu- 


tion and ointment. 
OF THE RETINA, MACULA, AND VITREOUS INDICATIONS: For the short-term treatment 
August 7-8, 1981 


available. College community; fine 
place to raise children. Wide 
range of recreation. Send C.V. 
resume to: 


J. 0. Mabee, M.D. 
Mabee Clinic 
305 North Sanborn 
Mitchell, SD 57301 
Telephone: 605-996-2537 


For More Information Write: 
David Silverstone, M.D. 
60 Temple Street 
New Haven, CT 06510 





The Ophthalmology Department 
of 


Rush Medical College 
and 
The Regenstein Eye Center 
f 


of superficial external ocular infections 

caused by organisms susceptible to one or 
more of the antibiotics contained therein. 
CONTRAINDICATIONS: 

Contraindicated in those persons who have 
shown sensitivity to any of the components. 
WARNINGS: ; 
Prolonged use may result in overgrowth of = 
nonsusceptible organisms. Ophthalmic Oint- 
ment may retard corneal healing. 
PRECAUTIONS: 

Culture and susceptibility testing should be 


Sheraton Plaza Hotel 
Chicago, Illinois 


Thomas Bennett, M.D. Rush Medical College 

William Benson, M.D. Wills Eye Hospital, Jefferson Medical College 
Gerald Fishman, M.D. University of Illinois 

Lee Jampol, M.D. University of Illinois 

Travis Meredith, M.D. Emory University 


Course Director: 
Guest Faculty: 


David Orth, M.D. 
Stephen Ryan, M.D. 


Ronald Smith, M.D. 


Walter Stark, M.D. 
Joel Sugar, M.D. 
C. P. Wilkinson, M.D. 


Rush Medical 

College Faculty: 
Chiang Bok-Lee, M.D. 
Richard Dennis, M.D. 


Thomas Bennett, M.D. 


University of Illinois 
Estelle Doheny Eye Foundation, Univ. of Southern 
California 


Estelle Doheny Eye Foundation, Univ. of Southern 
California 

Wilmer Eye Institute, Johns Hopkins University 

University of Illinois 

McGee Eye Institute, University of Oklahoma 


William Deutsch, M.D. 
Andrew Lewicky, M.D. 
Michael Rosenberg, M.D. 


A limited enraliment victrectomy ocutome laboratory workshop 
will be held at Rush-Presbyterian-St. Luke’s Medical Center on 
August 9, 1981 


For more information contact: 


Jamie 


Umfred 


Office of Continuing Education 
Rush-Presbyterian-St. Luke’s Medical Center 
600 South Paulina Street 
Chicago, IL 60612 
(312) 942-7095 





performed during treatment. 


Allergic cross-reactions may occur which 


could prevent the use of any or all of the 
following antibiotics for the treatment of 


future infections: kanamycin, paromomycin, 


streptomycin, and possibly gentamicin. 


ADVERSE REACTIONS: 

Neomycin is a not uncommon cutaneous 
sensitizer. Articles in the current literature 
indicate an increase in the prevalence of 
persons allergic to neomycin. Complete 
literature available on request from 
Professional Services Dept. PML. 


Research Triangle Park 


Burroughs Wellcome Co. 
Wellcome North Carolina 27709 


Pseudomonas 


Haemophilus 


effectively cover indi 
the spectrum Of sem: 

superficial external ses 
ocular infections 


with 


NEOSPORIN  NEOSPORIN 


Ophthalmic . Ophthalmic 
á Solution Sterile i a di. n. di Ointment Sterile 


Klebsiella 
Aerobacter 
Escherichia 
Proteus 
Corynebacterium 
Staphylococcus 


Streptococcus 





Pneumococcus 





Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 


See adjacent page for brief summary ofiprescribing Information. 





For many residents! in n ophthalmology 
—perhaps for you—the arduous years - 


of study and training are nearing an 
end. Now the future awaits witha- 
practice of your own. 

For a while the climb will still be 
up hill. There will be patients to 
attract; an office to furnish. But the 
rewards of a professional practice are 
closer than ever. 

Marco would like to do its part to 
help you get started. That's why we're 
offering a free $515 chart projector 
with your initial purchase of a chair 
and stand, slit lamp, keratometer and 
lensmeter from Marco. 

And Marco will go even further 
than that. For those who will also 
need Marco's RT-1 refractor, we'll 
also provide a free chart projector 
mount and slide worth an additional 
$225. 

It’s our way of saying congratula- 
tions on the completion of your 
residency and best wishes fora 
successful career in the years ahead. 

To take advantage of this special 
offer, simply contact your local 
Marco distributor. Upon purchase of 
your equipment, send your warranty 
cards and a copy of your invoice 
directly to Marco in Jacksonville, 
Florida. Our offer is good through 
August 31, 1981. | 


Come see us. 


Marco participates in many con- 
ventions and meetings throughout 
the year. We invite you to visit our 
display of equipment and will be 
happy to answer your questions. 


MARCO 


Where Seeing Le Believing 


1316 San Marco Boulevard/P.O. Box 10187/Jacksonville, Florida 32207 
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first \farst\adj [ME, fr]: 
preceding all others in time, 
or order.. ; 


- a Choyce Mark VIII only from Coburn 
To order or for additional 

information, call toll free 

(800) 237-5906 


In Florida call collect 
(813) 443-2606 


Telex: 80-3860 TUCUNS ERE S 
Cobum Professional = t 5 E a 

Products Division ( D) / O e 
375 S. Fort Harrison = E " x \ RS eS 


Clearwater, FL 33516 Zi 


Caution: Investigational Device; Limited by Federal (USA) law to Investigational use only. 





FACULTY POSITIONS 
AVAILABLE 


The Pennsylvania State University 
Medical School of the Milton S. 
Hershey Medical Center invites appli- 
cations for full time faculty positions 
in Ophthalmology at the Assistant 
Professor level. Candidates should 
have one or more years of fellowship 
training in cornea/external disease 
or vitreo-retinal disorders and sur- 


gery. 


Inquiries, along with a current 
curriculum vitae and bibliography 
should be sent to: 


Barton L. Hodes, M.D. 
Professor and Chief 
Division of Ophthalmology 
Pennsylvania State University 
Medical School 
Milton S. Hershey 
Medical Center 
Hershey, PA 17033 


The Pennsylvania State University 
is an equal opportunity employer. 
Application deadline is June 30, 
1980 


OCULOPLASTIC 
SURGICAL OPTOMETRIST 


FELLOWSHIPS 


Continued growth in the Kai- 
iila ser/Prudential Health Plan 
has produced excellent oppor- 
New York Medical College tunities for optometrists to 
Westchester County provide optometry care for 
Medical Center Health Plan members in the 
Dallas-Fort Worth metroplex. 
Pre/Post-op care A competitive income is aug- 
Surgical Assistance mented by a comprehensive 
Liability Insurance benefit package including 
: health/life/disability insur- 

Staff Appointment ig i 
MN ance and a tuition reimburse- 

Artificial Eye Lab 


ment program. 
Clinic Responsibility EON, 


Limited Funding This is an excellent opportuni- 
Locum Tenens ty for qualified optometrists to 
combine an active profession- 
Applications 1981 & 1982 al career free of administra- 
RET tive matters in a prosperous 
Inquiry & Applications: sunbelt city. Send curriculum 
Ms. P. Tamkin vitae to: The Permanente 
c/o P. Guibor, M.D. Medical Association of Texas, 
630 Park Avenue 7777 Forest Lane, Suite 2444, 

New York, NY 10021 PAUCOS 490. 


(212) 734-1010 


d Semi-Annual Cadaver Courses 
i i of tbt 
‘ce Rew Bork Medical College-Westehester County Medical Center 


OCULOPLASTIC SURGICAL DISSECTION COURSE 


FACULTY: 

M. Albom, M.D. S. Hecht, M.D. 

R. Coburn, M.D. L. Herman, Ph.D. 
N. Cousins, Esq. A. Messina, M.D. 
M. Dunn, M.D. N. Pastorek, M.D. 
H. Gould, M.D. E. Wiggs, M.D. 
M. Guibor, C.0. D. Wolfley, M.D. 
P. Guibor, M.D. and others. 

J. Hagedoorn, Ph.D. 


Ms. Paula Tamkin, Registrar 
c/0 Dr. P. Guibor, 630 Park Avenue 
New York, N. Y. 10021 (212) 734-1010 


Clip and mail with registration fee: 
November 11-14, 1981 
OCULOPLASTIC REGISTRATION FORM 
Registration $650.00 


Name _ 





(40 HRS. CME & CAT I) 


November 11-14, 1981 SUBJECTS: 
E Cosmetic Blepharoplasty, Blepharoptosis, Trauma 
Surgery, Lid Reconstruction, Lacrimal Surgery, Orbital 
Reconstruction, Entropion, Ectropion, Orbital 
Fractures, Orbital Tumors and Chemosurgery. 


SPECIAL FEATURES: 

€ Live Surgical Demonstration Video 

€ Video Tape Surgery and Cadaver Dissections 

€ Film and Lectures 

e PARTICIPANT'S CADAVER FOR PRACTICAL SURGICAL DISSECTIONS 
€ Course Outlines, Manuscripts, Materials 

@ Sutures & Needles Courtesy 

€ Scheduled Transportation Motel to Medical Center (15«min.) 

€ Banquet & Daily Luncheons included 


1982-83 
OCULOPLASTIC 





Address 
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SURGERY 





Telephone (o ur 


FELLOWSHIPS 





) 1 
Specialty: Ophth—ENT—Plastic—Derm 
(circle one) 


Make check payable: The Oculoplastic Foundation, Inc. 
OCULOPLASTIC COURSE 





6mm optic 
5.0 PROLENE* 
polypropylene loops 


The IOLAB Model 101 is 
available in both clear and 
blue loops 


‘Trademark of ETHICON. Inc 


MODEL 101 

6mm optic with plano-convex design. 
Overall lens length 13mm. 
MODEL 101B 

Model 101 with blue loops. 
MODEL 101K 

offers a 10° loop angle. 
MODEL 105B 

Model 101K with blue loops. 
MODEL 101J 

Provides wider loops than 101. 
Overall length 13mm. 

MODEL 101T 

12mm overall dimension with 
6mm optic. 


MODEL 101 
MODEL 101B 


iaa 


MODEL 


101 


SHEARING 


CAUTION: Investigational 
device. Limited by Federal 
law to investigational use. 
The safety and efficacy of 
intraocular lenses is not 
yet established. 


IOLAB Corporation, 
-© ` f| 861 SouthVillage Oaks Drive 
ES Covina, California 91724 
Telephone: 213/915-7681 
TOLL FREE: 800/423-3939 
IN CALIFORNIA: 
800/362-7006 
P e In Canada: 800/268-2183 
British Cotumbia: 
CORPORATION 1142-800/2688-2183 


© IOLAB Corporation 1981 


MODEL 101K 
MODEL 105B 





FELLOWSHIP IN ANTERIOR 
SEGMENT SURGERY 


Under supervision of: 
Norman S. Jaffe, M.D., Henry M. Clayman, M.D., 
David S. Light, M.D. and Mark S. Jaffe, M.D. 


Experience will be provided in all modalities of cataract surgery, including 
intracapsular, extracapsular, and phacoemulsification with and without lens implan- 
tation. Extensive exposure to diagnostic adjuncts, such as ultrasound and specular 
microscopy, is part of this fellowship. The successful applicant would be expected 


to participate in a research project. 


E M ——— —— ———— 


Applicants are being considered for a one year fellowship commencing July 1982 
and should contact: 


Ms. Lyn Johnson 


Miami Eye Foundation, Inc. 
1680 Michigan Avenue 
Miami Beach, Florida 33139 


Telephone: (305) 532-1768 





GEORGETOWN UNIVERSITY 
PEP UNIVERSITY OF ROCHESTER — SCHOOL OF MEDICINE 
SCHOOL OF MEDICINE AND DENTISTRY OFFICE OF CONTINUING MEDICAL EDUCATION 
ROCHESTER, NEW YORK And 
announces 
“ULTRASOUND IN CLINICAL OPHTHALMOLOGY” 


Friday, September 25, 1981—8:30 a.m. to 5:00 p.m. 
Saturday, September 26, 1981—8:30 a.m. to 12:30 p.m. center for sight 
r 
ud oe cial ANAE taresecwamapturte-ophthalnic and ANNOUNCE 
orbital diseases. VITRECTOMY WORKSHOP 
GUEST FACULTY Featuring 
Richard Dallow, M.D. The Ocutome and Fragmatome Systems 


Clinical Instructor in Ophthalmology June 11-12, 1981 
Harvard Medical School 


Massachusetts Eye and Ear Infirmary FACULTY: 
Boston, Massachusetts Alexander Brucker, Scheie Eye Institute 
Barton Hodes, M.D. Steven Charles, University of Tennessee 


Professor and Chief of Ophthalmology Howard Cupples, National Naval Medical Center 
Milton S. Hershey Medical Center Michael Lemp, Georgetown University 
i iversi Ronald Michels, Wilmer Eye Institute 
Pennsylvania State University à ap 
Hershey, Pennsylvania Leonard Parver, Georgetown University 
A. Raymond Pilkerton, Georgetown University 
UNIVERSITY OF ROCHESTER FACULTY Thomas Rice, Wilmer Eye Institute 


Donald A. Grover, M.D. Robert E. Kennedy, M.D. *Program Director 


paca M DE. oe 4 Co en One-half of the two day course is devoted to hands-on laboratory experience with the 


. Ocutome system under direct faculty supervision. The remaining time is spent in didactic 
Raymond Gramiak, M.D. Donald N. Zehl, M.D. sessions presented by the faculty. Anterior and posterior segment applications will be 
discussed, but emphasis will be placed on the management of anterior segment problems. 


FOR INFORMATION CONTACT: PSE OET 


; S ; : REGISTRATION: 
ikako Ian nio Geet y Didactic and laboratory sessions: ty (limited to 30 participants) 


601 Elmwood Avenue P.0. Box 677 — — = sy i; 3 
Rochester, New York 14642 For information, please contact: Office of. Continuing Medical Education, First Floor, 


Georgetown University Hospital, 3800 Reservoir Road, NW, Washington, D.C. 20007. 
(716) 275-4392 Telephone: (202) 625-2306. 
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HYDROCURVE 
CONTACT LENSES FOR EXTENDED-WEAR 


II;,.(bufilcon A) 


A NEW GENERATION IN TIME 





CONCEIVED FOR EXTENDED-WEAR 


"T he HYDROCURVE 
II. (bufilcon A) 
Contact Lens is er- 
gineered to satisfy the 


cornea's metabolic re- 
quirements during 24- 
hour wear. Its design is 
the result of extensive 


research and unrelent- logical demands of the 
Ing standards in pro- eye during both open 

ducing a lens to satisfy and closed conditions. 

the complex physio- 
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HYDROCURVE II; [(bufilcon A) CONTACT LENSES FOR EXTENDED WEAR 














E 
p ^ 
P v . ` ° ETA 
M FITTING FLEXIBILITY WIDE RANGE OF PARAMETERS 
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HYDROCURVE II, (bufilcon A) CONTACT LENSES FOR EXTENDED WEAR 


DESIGNED TO SATISFY THE CORNEA 'S 
METABOLIC REQUIREMENTS DURING 24-- HOUR WEAR 


CURVE IIss Contact Lens 


Three primary factors estab- 
lish the HYDROCURV- IIss 
Contact Lens ideal far 
extendec-wear: 

Overall Thinness. W'th a 
center thickness of only 
05mm at —3.00 D, eiberal 
amount of oxygen can be 


HIGHEST CXYG 


The oxygen transmissibility 
of the HYDROCURVE II 55 
Contact Lens establisnes it 


transmitted through the 
lens. Other extended-wear 
lenses at the same power 
are 4 times thicker 


Moderately High Water 


Content. The 55% water 
content of the HYDRO- 


facilitates oxygenation 


without sacrificing tensile 
strength. It is the only lens 
that can be worn on either 
a daily or extended regi- 
men. Durability is the reason 


why 


EN TRANSMISSIBILITY 


apart and ahead of all other 
leading soft lenses 





Brand 


HYDROCURVE IIss 
HYDROCURVE II;s 
Bausch & Lomb 04 
Cooper Perrnalens 
Aquaflex Super-Thin 

AO Thin 

American Hydron Zero-6 
Bausch & Lomb U4 


4Iruing Fatt, Ph D. as measured in a polarographic cell at 


Center 
Thickness 


05 mm 
05 mm 
03 mm 
21 mm 
06-mm 
04 mm 
06 mm 
07 mm 


The "Oxygen Agent." The 
HYDROCURVE II Contact 
Lens Is synthesized with a 
monomer that substantially 
Increases Its oxygen trans- 


Missibility 


IU S. Patent no 3,965,063 


Labelled 
Water 
Content 


55% 
45% 
38.6% 
7 1% 
42.5% 
42.5% 
38% 
38.6% 


of (cm/sec) (ml 05/ml x mm Hg], September 1980 


Oxygen 
Transmissibility 
(Dk/L x 10-9) 


22.72 
15.5¢ 
1434 
13.53 
10 82 
9 24 
8 1^4 
7.8? 





72°F, and expressed in units 


2 M e : CIS " — ! Ey ; E ; 
"Irang Fatt. PhD as measured in a polarographic cell at 70°F, and expressed in units 
of (cm/sec) (ml 05/ml x mm Hg), February 1981 
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> HYDROCURVE sor uenses.nc 


A SUBSIDIARY OF CONTINUOUS CURVE CONTACT LENSES, INC. 


8006 ENGINEER ROAD, SAN DIEGO, CALIFORNIA 92111 
(800) 854-2790; IN CALIFORNIA (800) 542-6000; (714) 277-9873 


CLINICALLY CONFIRMED 


SAFETY 


A 42-month study proved 
the safety and efficacy of 
HYDROCURVE II* (bufilcon 
A) Contact Lenses when 
worn for extended periods 
by 1,325 "cosmetic" patients. 
More than 24,000 follow-up 
examinations were per- 
formed over the duration of 
the clinical investigation. 


AIL clinical studies on the 
HYDROCURVE II Contact 
Lenses for Extended-Wear 
were conducted in the 
United States for the most 
extensive study ever con- 
ducted on soft contact 
lenses. 





Here's a summary of 
the results: 


PATIENT PROFILE 
Data based on clinical trials from July 1977-November 1980. 











Sex Previous Lens Experience ~ 
No. of Females 831 Successful 673 
No. of Males 494 Unsuccessful 198 
1,325. . None 454 
Best Acuity Achieved Length of Time on Extenced-Wear Study 
20/15 227 13-24 months 180 
20/20 976 25-36 months 926 
20/25 76 | 37-42 months 219 
< 20/30 45 





INCIDENCE OF SIDE EFFECTS 


With more than 24,000 the incidence of clinically 
follow-up exams performed -significant side effects was 
over the 42-month study, negligible. 4 
% of Visits % of Visits with Incidence 
with No Incidence of Clinically Significant 
of Side Effects Side Effects 

Edema 97 396 2 796 

Vascularization 97 996 2 1% 

Injection 94.2% 5 8% 

Staining 95.9% 41% 





Please see tne package insert for full prescribing information 


For the part-time occupational physician... 


An invaluable 
quick reference 
guide to 
occupational 


dermatoses 


The AMA’s new guide, 
Occupational Dermatoses 
is an invaluable aid for 
physicians working part- 
time in occupational health 
programs. 

It provides a ready 
reference for specific in- 


MICHIGAN OPHTHALMOLOGICAL SOCIETY 
13th Anaual Summer Conference 


pipet hei | 


OCCUPATIONAL DERMATOSES 


july 26-29, 1981 


GRAND HOTEL 
Macxinac Island, Michigan 


Guest Speakers: 


J.J. Rowsey, M.D. 
Richard A. Thoft, M.D. 
Louis A. Wilson, M.D. 


Theme: 


"Cornea—New & Controversial Ideas" 
Registration: 











































$100 Physician formation on the causes, 
$ 50 Resident diagnosis, prevention, and 
treatment of occupational 
Contact: skin diseases. It also 
discusses management of 
Margot A. Surridge prolonged and recurrent 
Michigan Ophthalmological Society dermatoses, medico-legal 
302 Eastland Professional Bldg. aspects, and provides 
Harper Woods, Michigan 48225 extensive references. 
(313) 839-3011 To order your copy 
($1 ea.) of Occupational 
CME Credit: Dermatoses, O?-108, write: 
Order Dept., AMA, P.O. Box 
Category | 821, Monroe, WI 53566. 
8 Hours Allow 4-5 weeks for 
delivery. 
X 
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ANTERIOR 
SEGMENT 
SURGERY 

"MINI-RESIDENCY" 





The Azar Foundation presents quar- 
terly "mini-residencies" on anterior seg- 
ment surgery. Live surgery is used to dem- 
onstrate the most recent advances in 
cataract surgery, including extracapsular 
and phacoemulsification techniques with 
both anterior and posterior chamber in- 
traocular implants. 


Preoperative and postoperative man- 
agement, complications, diagnostic ad- 
juncts including endothelial microscopy 
and ultrasonography are discussed. Quan- 
titative Surgical Keratometry, Radial 
Keratotomy, and Medical Legal Aspects 
will be emphásized. 


Laboratory sessions are available for those 
who wish "hands on" experience. 


DATES 


February 20-21, 1981 
April 10-11, 1981 
June 5-6, 1981 
September 11-12, 1981 


LIMITED REGISTRATION 


For registration or more information 
contact: Ms. Jo Stevens 
Azar Foundation 
2820 Canal Street 
New Orleans, LA 70119 
(504) 821-0886 


VIRA-A® (vidarabine ophthalmic ointment), 3% 


Before prescribing, please see full prescribing information. 
A Brief Summary follows: 


Indications and Usage. VIRA-A Ophthalmic Ointment, 3%, is indicatec for the treatment of 
acute keratoconjunctivitis and recurrent epithelial keratitis due to Herpes simplex virus types 
1 and 2. VIRA-A is also effective in superficial keratitis caused by Herpessimplex virus which 
has not responded to topical idoxuridine or when toxic or hypersensitivity reactions to idoxuri- 
dine have occurred. The effectiveness of VIRA-A Ophthalmic Ointment. 3%, against stromal 
keratitis and uveitis due to Herpes simplex virus has not been established 

The clinical diagnosis of keratitis caused by Herpes simplex virus is usually established by 
the presence of typical dendritic or geographic lesions on slit-lamp examination. 

In controlled and uncontrolled clinical trials, an average of seven and nine days of continu- 
ous VIRA-A Ophthalmic Ointment, 396, therapy was required to achieve corneal re- 
epithelialization. In the controlled trials, 70 of 81 subjects (86%) re-epithetalized at the end of 
three weeks of therapy. In the uncontrolled trials, 101 of 142 subjects (71%) re-epithelialized at 
the end of three weeks. Seventy-five percent of the subjects in these uncontrolled trials had 
either not healed previously or had developed hypersensitivity to topicaldoxuridine therapy. 

The following topical antibiotics: gentamicin, erythromycin, chloramphenicol, or topical 
steroids: prednisolone or dexamethasone have been administered concurrently with VIRA-A 
Ophthalmic Ointment, 3%, without an increase in adverse reactions 

Normally, corticosteroids alone are contraindicated in Herpes simplex virus infections of 
the eye. If VIRA-A Ophthalmic Ointment, 396, is administered concurrently with topical corti- 
costeroid therapy, corticosteroid-induced ocular side effects must besconsidered. These 
include corticosteroid-induced glaucoma or cataract formation and progression of a bacte- 
rial or viral infection 

VIRA-A is not effective against RNA virus or adenoviral ocular infections. VIRA-A is also not 

effective against bacterial, fungal, or chlamydial infections of the cornea or nonviral trophic 
ulcers 
Contraindication. VIRA-A Ophthalmic Ointment, 3%, is contraindicated in patients who 
develop hypersensitivity reactions to it. 
Warnings. Use in Pregnancy: VIRA-A parenterally is teratogenic in rats and rabbits. Ten 
percent VIRA-A ointment applied to 10% of the body surface during organogenesis induced 
fetal abnormalitiesin rabbits. When 10% VIRA-A ointment was applied to 2% to 3% of the body 
surface of rabbits, no fetal abnormalities were found. This dose greatiy exceeds the total 
recommended ophthalmic dose in humans. The possibility of embryonic or fetal damage in 
pregnant women receiving VIRA-A (vidarabine ophthalmic ointment), 3%. is remote. The topi- 
cal ophtha mic dose is small, and the drug relatively insoluble. Its ocular penetration is very 
low: However. a safe dose for a human embryo or fetus has not been established. Conse- 
quently, VIRA-A should be used only when clearly indicated. 

It is not known whether VIRA-A is secreted in human milk. As a generalirule, nursing should 


* not be undertaken while a patient is under treatment because many drugs are excreted in 


human milk. However, breast milk excretion is unlikely because VIRA-A istapidly deaminated 
in the gastrointestinal tract. 

Mutagenic Potential: Results of in vitro experiments indicate that vidarabine can be incor- 
porated into mammalian DNA and can induce mutation in mammalian cells (mouse L5178Y 
cell line). Thus far, in vivo studies have not been as conclusive, but there is some evidence 
(dominant lethal assay in mice) that vidarabine may be capable of producing mutagenic 
effects in male germ cells. 

It has also been reported that vidarabine causes chromosome breaks and gaps when 
added to human leukocytes in vitro. While the significance of these effeets in terms of muta- 
genicity is not fully understood, there is a well-known correlation between:he ability of various 
agents to produce such effects and their ability to produce heritable genetic damage. 


Oncogenic Potential: Chronic parenteral (IM) studies of vidarabine haze been conducted 


in mice and rats 

In the mouse study, there was a statistically significant increase in liver tumor incidence 
among the vidarabine-treated females. In the same study, some vidarabine-treated male 
mice developed kidney neoplasia. No renal tumors were found in the vehicle-treated control 
mice or the vidarabine-treated female mice. 

In the rat study, intestinal, testicular, and thyroid neoplasia occurred with greater frequency 
among the vidarabine-treated animals than in the vehicle-treated contro!s The increases in 
thyroid adenoma incidence in the high-dose (50 mg/kg) males and the lew-dose (30 mg/kg) 
females were statistically significant. 

Hepatic megalocytosis, associated with vidarabine treatment, has bee^ found in short- and 
long-term rodent (rat and mouse) studies. It is not clear whether or not this represents a 
preneoplastic change. 

The recommended frequency and duration of administration should nc: be exceeded (see 
Dosage and Administration) 

Precautions. The diagnosis of keratoconjunctivitis due to Herpes simpiex virus should be 
established clinically prior to prescribing VIRA-A Ophthalmic Ointment. 396. 

Patients should be forewarned that VIRA-A Ophthalmic Ointment. 3%. like any ophthalmic 
ointment, may produce a temporary visual haze. 

Although viral resistance to VIRA-A has not been observed, this possibility may exist. 

Adverse Reactions. Lacrimation, foreign-body sensation, conjunctival injection, burning, irri- 
tation, superficial punctate keratitis, pain, photophobia, punctal occlusion, and sensitivity 
have been reported with VIRA-A Ophthalmic Ointment, 3%. The following have also been 
reported but appear disease-related: uveitis, stromal edema, secondary glaucoma, trophic 
defects, corneal vascularization, and hyphema. 
Overdosage. Acute massive overdosage by oral ingestion of the ophthalmic ointment has not 
occurred. However, the rapid deamination to arabinosylhypoxanthine snouid preclude any 
difficulty. The oral LDs for vidarabine is greater than 5020 mg/kg in mice and rats. No unto- 
ward effects should result from ingestion of the entire contents of a tube 

Overdosage by ocular instillation is unlikely because any excess-should be quickly 
expelled from the conjunctival sac. Too frequent administration should be avoided. 

Dosage and Administration. Administer approximately one-half inch of / IRA-A Ophthalmic 
Ointment, 395, into the lower conjunctival sac five times daily at three-hour intervals. 

If there are no signs of improvement after 7 days, or complete re-epithelialization has not 
occurred by 21 days, other forms of therapy should be considered Some severe cases may 
require longer treatment. 

After re-epithelialization has occurred, treatment for an additional seven days at a reduced 
dosage (such as twice daily) is recommended in order to prevent recurrence 
How Supplied. N 0071-367 7-07 (Stock 18-1677-139) 

VIRA-A Ophthalmic Ointment, 396, is supplied sterile in ophthalmic oin'ment tubes of 3.50. 
The base is a 60:40 mixture of solid and liquid petrolatum 

Full information is available on request. YF 


Reference: 1. Data on file, Medical Dept, Parke-Davis 


PARKE-DAVIS 
Div of Warner-Lambert Co 
PD-004-JA-0197-P-1 (3-81) Morris Plains, NJ 07950 USA 


+ 


(vidarabine ophthalmic ointment), 3% — 


HAS PROVED 
DRAMATICALLY EFFECTIVE. 


a first choice for treatment of Herpes simplex virus keratitis 
established safety and efficacy following four years of clinical use in 
thousands of patients! 

effective in superficial keratitis caused by Herpes simplex virus 
unresponsive to topical idoxuridine, yet there is minimal resistance to 
Vira-A in clinical use! 


effective in many patients who are hypersensitive to or intolerant of IDU’ 
PARKE-DAVIS unlike trifluridine, Vira-A contains no preservatives 


© 1981 Warner-Lambert Company See preceding page for brief summary of prescribing information. 
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The Bascom Palmer Eye Institute 
The Department of Ophthalmology 
University of Miami School of Medicine 
invites you to the 


1981 NEURO-OPHTHALMOLOGY COURSE 


December 3-5, 1981 
Key Biscayne Hotel 
Miami, Florida 


FACULTY AND TOPICS INCLUDE 


Dr. John A. Costin- Temporal Arteritis Mystery Cases 

Dr. Joel Glaser—Clinical Examination of Orbit Lesions 

Dr. William F. Hoyt—The Latest Possible Gems! 

Dr. Irma Lessell—Aphasias for the Non-neurologist 

Dr. Simmons Lessell—Optic Neuropathies & Visual Hallucinations 

Dr. T. Hans Newton—Computed Tomography Extraordinaire! 

Dr. J. Lawton Smith—Radiotherapy of Optic Nerve Meningiomas 

Dr. Robert L. Tomask- Digital Subtraction Angiography in Neuro-ophthalmology 


Doctor, you really cannot afford to miss the 1981 Neuro-ophthalmology Course in sunny Miami this time! The 
University of Miami has gone ALL OUT to get that fantastic “heavy artillery” West Coast "Huntley-Brinkley" team 
down here again for you! And then, top that off with that “knock-out” husband and wife team—the Lesse!ls—from 
Boston! What more can you ask for? Clinical conferences? We've got 'em! Free papers? We're inviting registrants 
to send them in—NOW! Hurry! Hurry! Rush your check made out to “Continuing Education in Ophthalmology” 
($250.00 for practitioners; $100.00 for residents and fellows) to: Neuro-ophthalmology Course, Bascom Palmer 
Eye Institute, P.O. Box 610326, Miami, Florida 33161. Make your room reservation with: Key Biscayne Hotel, 701 
Ocean Drive—Key Biscayne, Miami, Florida 33139. 








OCULAR 
STERUID 
SUSPENSION 
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^... Lhe difficulty of getting some of these druas 
into suspension. ..could result in a lower concentration of 


39 


corticosteroid delivered to the site of inflammation... 


Apt L, et al: Patient compliance with use of topical 
ophthalmic corticosteroid suspensions. 
AJO 87: 210-214, 1979. 


Attempting to anticipate actual delivered concen- Forte leaves no annoying, gummy lid residue 
tration of ocular steroid suspensions is a little like so often seen with suspension procucts. 
predicting the future with a crystal ball. Apt and 


his associates concluded that whether or not 5o, if you are treating a deep-seated inflam- 

patients snook ocular steroid suspensions, mation such as iritis or uveitis, prescribe clear 

the labeled concentration was not likely to be Inflamase Forte for effective, potent anti-inflam- 

delivered to the site of inflammation. matory activity. Milder and more superficial 
conditions respond to Inflamase® (prednisolone 

In sharp contrast, Inflamase® Forte (predniso- sodium phosphate) 4%. 

lone sodium phosphate) 1% the clear ophthalmic 

solution requires no shaking, and it will always When it comes to ocular steroid concentra- 

deliver 100% of its labeled concentration... tion, Inflamase Forte gives you a clear look into 

clear dro» after clear drop. Further, Inflamase the future. 


Inflamase? Forte The Clear Solution 


(prednisolone sodium phosphate) 1 


Inflamase® Forte and Inflamase® are now available in 10ml sizes! 
(prednisolone sodium phosphate) 


San German. Puerto Rico 00753 USA 
©CooperVision Pharmaceuticais Inc. 1981 —80-5-0510 





Wills Eye Hospital 


Invites You to Attend 


An Introductory Course on 
Computers in Ophthalmology 


on 


Saturday, June 13, 1981 


To Be Held at 


Wills Eye Hospital, Main Auditorium 
Oth and Walnut Streets, Philadelphia, PA 


Featured Speaker 
ARAN SAFIR, M.D. 
Louisiana State University Eye Center 
New Orleans, Louisiana 


Faculty to Include 
Larry A. Donoso, M.D., Ph.D. 
Program Director 
Paul L. Carmichael, M.D. 
Jay L. Federman, M.D. 
Larry E. Magargal, M.D. 
George E. Sanborn, M.D. 
Kurt Simons, Ph.D. 


This course is designed for the clinical ophthalmologist and is divided into 
“hands-on” laboratory sessions, lectures and discussion periods with access to 
manufacturers of both large and small computer systems. The course is designed 
to aid the participant in choosing the appropriate computer system for their 


needs. No prior computer knowledge is required for this course. 


An AMA-CME 7 Hour (Category I) Accredited Course 


Who Should Attend? Registration Fee 
Ophthalmologists $100.00 Practicing Ophthalmologists 
Office Managers 50.00 Residents, Fellows & Allied 


Office Personnel 
from program chairman) 


Registration and Information 
Ms. Lucia M. Manes 
Department of Continuing Medical Education 
Wills Eye Hospital 
9th and Walnut Streets, Philadelphia, Pennsylvania 19107 
(215) 928-5258 


Health Personnel (with letter 
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In glaucoma: 


— NEPIAZANE 


broadens the options 
to expand the care 





ince ghucoma patients are not alike, the broader 
the options for systemic LO.P control, the 
greater the odds that a wider range of patients may 
respond. That's why the qualitative differences in 
NEPTAZANE therapy are worth knowing about. 
With NEFTAZANE Methazolamide, you can expect 
the intended ocular effects with little systemic 
acidosis. It has excellent penetration into aqueous 
humor And its comparatively slow excretion 
patterm pe-mits effective I.O.P control with conve- 
nient b.i.d dosage. 
There are enough differences in its side effects 
profile, too, to make a significant difference to many 
patients. Intolerance, if it develops, is more likely to 
be associa-ed with drowsiness and fatigue than with 
G.I. discomfort, paresthesias, or diuresis. And it's free 
from beta blocker side effects. Thus, NEPTAZANE 
„£an extend the potential of systemic LO.P. control to 
a wider group of patients. 


NEPTAZANE 


Methazolamide 


Tablets 50 mg. 


. Therapy worth 
knowing more about. 





& 
NEPTAZANE Methazolamide 


Before prescribing, please consult complete 
product information, a summary of which 
follows: 

Indications: For adjunctive treatment of 
chronic simple (open angle) glaucoma, 
secondary glaucoma, and preoperatively 

in acute angle closure glaucoma where delay 
of surgery is desired in order to lower 
intraocular pressure. 

Contraindications: Severe or absolute 
glaucoma and chronic noncongestive angle 
closure glaucoma. Of doubtful use in 
glaucoma due to severe peripheral anterior 
synechiae or hemorrhagic glaacoma. 
Adrenocortical, hepatic, or renal 
insufficiency; electrolyte imbalance state, e.g., 
hyperchloremic acidosis; sodium and 
potassium depletion states. 

Warnings: Although teratogenic effects dem- 
onstrated in rats at high doses have not been 
evidenced in humans, Methazolamide should 
not be used in women of child-bearing 
potential or in pregnancy, especially in the 
first trimester, unless the expected benefits 
outweigh potential adverse efects. 
Precautions: Use with caution in patients with 
cirrhosis or hepatic insufficiency to forestall 
hepatic coma; those on steroxd therapy; those 
with pulmonary obstruction or emphysema 
to avoid acidosis. Electrolvte balance should be 
maintained. Although not reported thus 

far with this drug, reactions common to 
sulfonamide derivatives, such as fever, 
leukopenia, hemolytic anemia, bone marrow 
depression or renal calculi, may occur. 
Adverse Reactions (relatively mild and 


disappear on withdrawal or dosage adjustment): 


anorexia, nausea, vomiting; malaise, fatigue 
or drowsiness, headache; vertigo, mental con- 
fusion, depression, paresthesias. Urinary 
citrate excretion and uric acid output is 
decreased during use of this drug, but urinary 
calculi have not been reported. 





LEDERLE LABORATORIES 
A Division of American Cyanamid Company 
Wayne, New Jersey 07470 


© 1980, Lederle Laboratories 208-0 











Immediate 

. delivery of the 

brightest, most durable, 
comfortable indirect 


ophthaimosco Je. 


be A 









The bes: indirect 5phthalmo- The Exeter" Indirect 


scope you can buy Is now Ophthalmcscope 
marketec by a new Mentor | The Wet Field" Coagulator 
team- pzoge who believe in from ophthalmologists who & 8 bipolar forceps 


have tested them all - and the 


immediate r2soonse to your Merocel" Surgical Soonges 


Feeds. one that’s built to last. and Wipes 
Now you can count on Call our new number: Mentor" Slit Lamps 
fast delivery-of the indirect 017-749-8215. You'll be Honan's Intraocular Pressure 
that gets the highest rating pleasantly surprised at how Reducer 
fast we can have this supero Mentor CM-IIl Microscopes 
instrument in your hands. And Mentanium™ Vitreoretinal 
note the new address: Mentor, Instrument Sets 


20 Industrial Park Road, 
Hingham, Mass. 09043. 


Nientor 
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New Process Turns 


Hard Contact Lenses 
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Now you can exchange your unusable 
hard lenses for AMSOFthin" lenses 
The process is simple. Just send 
us up to 100 hard (or soft) contact 
lenses—in any condition and any 
brand. For each lens you send, we'll 
ive you an AMSOFthin™ lens at | 
$9.00 off the already low list price of | — 
$18.00. It's like getting paid to im- | 
prove your inventory! 


An industry first — 
Take advantage of this unique 


vault e: i ape — 
offer and see for yourself how AMSOF- * eh ge 
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thin lens durability and reproducibility can improve 
your practice —and how the simplicity of PRN Pricing 
saves you time as well as naoney. Find 
out why more and more practitioners * 
are translating AMSOFthm lens qual- 
ity and value into more and more 
satisfied customers. For more infor- 
mation call toll-free (8009 446-8301 
and in Virginia (800) 582-8178. 
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p tie Ag amsco 
1 E 4 Ra t LOMBART LENSES 


Division of American Sterilizer Company 
Box 1693, Norfolk, Virginia 2350 


Manufactured for quality, priced for value 


amsofthin_- 


(deltafilcon A) 


HYDROPHILIC CONTACT LENSES 


HMS ‘(medrysone)... memorable therapy. 


HMS* (medrysone) 1.0% Liquifilm” sterile ophthalmic suspension 

CONTAINS: medrysone*. 1.0%; with: Liquifilm (polyvinyl alcohol) 1.496; benzalkonium chloride; edetate disodium; sodium chloride; potassium 

chloride; sodium phosphate monobasic, monohydrate; sodium phosphate dibasic, anhydrous; hydroxypropyl methylcellulose; purified'water; and 

sodium hydroxide or hydrochloric acid if needed to adjust pH. "Licensed under U.S. Patent 2,968,655. Medrysone previously known as 
hydroxymesterone) belcags to the family of steroids, related structurally more to progesterone than to other available corticosteroids. It is a white crystalline powder, sparingly 
solubie in water, with a melting point of approximately 162°C, and empirical formula of C22H3203 and a molecular weight of 344 50. The specific rotation of a 1% solution of 
medrysone in chloroforrs is between +184° and +192° It has a characteristic ultraviolet absorption maximum of 2427-1 millimicrons in 95% ethanol solution. Chemical Name: 
1158-Hydroxy-6a-methyl»regn-4-ene-3, 20 dione. ACTIONS: HMS (medrysone) is a synthetic steroid with topical anti-inflammatory and anti-allergic activity. Steroids inhibit the 
inflammatory response 2 inciting agents of mechanical, chemical, or immunological nature of edema, fibrin deposition, capillary dilatation and leucocyte migration, capillary 
proliferation, depositior-of collagen and scar formation. No generally accepted explanation of this steroid property has been advanced. HMS (medrysone) has less anti- 
inflammatory potency ttn 0.1% dexamethasone. Data from 2 uncontrolled studies'-? indicate that in patients with increased intraocular pressure and in those susceptible to a 
rise in intraocular pressere, there is less effect on pressure with HMS than with dexamethasone or betamethasone 
INDICATIONS: HMS (mecirysone) is effective in the treatment of allergic conjunctivitis, vernal conjunctivitis, episcleritis, and epinephrine sensitivity 
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, Dysthyroid Optic Neuropathy on Computed Tomography 
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* Computed assisted tomography (CT) 
of seven cases cf dysthyroid optic neurop- 
athy showed mcderate to severe thicken- 
ing of the extraocular muscles at the 
orbital apex, while CT of two control 
cases of dysthwroid orbitopathy without 
neuropathy showed minimal or fusiform 
thickening The consequences include 
probable apical compression with optic 
nerve neuropathy either by direct pres- 
sure on the nerve or its blood supply. The 
management of these cases is either by 
oral administration of corticosteroids in 
high dosaee with gradual tapering or radi- 
ation therapy to the orbital apex (approxi- 
mately 3,090 rad over a ten-day period). If 
surgical eecompression is to be at- 
tempted, it shouid be designed to decom- 
press the eptic nerve atthe orbital apex. 

(Arch Ophthalmol 1981;99:807-809) 


isual less due to optic neuropathy 
is infrequent in dysthyroid orbi- 
topathy, »ut it represents a serious 


complication. When visual impair- 


"* ment occurs ir dysthyroid orbitopa- 


thy, it is identified as class VI in the 
American Thyroid Classification of 
the signs of Graves’ disease.’ Dysthy- 
roid optic neuropathy of one or both 
eyes may result in a progressive 
decrease ef visual acuity, impairment 
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of color vision, an afferent pupillary 
defect, optie disc congestion or atro- 
phy, and visual field defects. 

There has been much speculation 
regarding the cause and pathogenesis 
of dysthyroid optic neuropathy. A 
neurotoxic origin has been cited by 
several observers to explain the patho- 
genesis." When a patient recovers rap- 
idly on relief of the thyrotoxicosis, a 


neurotoxic theory could be plausible, 
but this does not explain most of the 
cases, where therapy for systemic 
effect has no effect or even an adverse 
effect on the orbital disease. A 
mechanical theory may explain the 
clinical observations of increased vol- 
ume of the retro-orbital tissues with 
the resultant increased erbital pres- 
sure. This theory, however, cannot be 


Table 1.—Dysthyroid Optic Neuropathy 


Vision 
Case/Age, 
yr/Sex OD OS 
1/51/F 20/40 20/50 





Normal 





Computed 
Tomography Scan 
Moderate to severe 

hypertrophy of 
medial rectus, 
and exophthaimos 


Fields 


Paracentral 
scotoma 





2/44/F 


3/56/F 


4/66/F 


5/69/F 


6/55/F 


7/52/F 


20/20 


20/40 


20/100 


20/25 


20/40 


20/20 


20/25 


20/20 


20/80 


20/300 


20/40 


20/50 


Bilateral 
papilledema 


Bilateral 
papilledema 


Normal 


Congested OS 


Normal 


Hyperemia OS 
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Enlarged blind 
spots, pe- 
ripheral con- 
traction 


Enlarged blind 
spots, cen- 
tral scotoma 
OD 


Paracentral 
scotoma 


Irregular defect 
OS 


Irregular con- 
traction, cen- 
tral scotoma 


Paracentral 
scotoma OS 


Medial and lateral 
recti are very 
thickened, espe- 
cially close to or- 
bital apex; prop- 
tosis 

Prominent thicken- 
ing of all recti 
muscies in orbi- 
tal apex 


Thickered medial 
and superior rec- 
ti in orbital apex 


Modera:e to severe 
thickening of ex- 
traocular mus- 
cles cf orbital 
apex 

Bilaterai thickening 
of superior, me- 
dial, and inferior 
recti in orbital 
apex 

Diffuse bilateral en- 
largement of ex- 
traocelar mus- 
cles, especially 
in orbital apex 
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applied uniformly, for there are 
patients who have had neuropathy 
and do not exhibit a severe degree of 
proptosis. Moreover, there are many 
patients with proptosis of a degree 
more severe than that of patients with 
optic neuropathy who did not have loss 
of vision due to optic neuropathy. 

It has also been suggested that the 
optic neuropathy might be due to 
mechanical or toxic factors affecting 
the optic nerve indirectly via its vas- 
cular supply. It was found that all 
patients with optic nerve involvement 
in Graves’ disease had some degree of 
extraocular muscle involvement’; 
therefore, was optic neuropathy 
caused by the enlarged extraocular 
muscles and generalized increased tis- 
sue pressure within the muscle cone, 


particularly at the orbital apex, which 
interfered with the blood supply of the 
nerve? Anatomic variations in the 
blood supply of the nerve might well 
have allowed for more “susceptible” 
patients.' 

Although B-mode ultrasonography 
easily identifies thickened muscles at 
the anterior part of the orbit in dys- 
thyroid ophthalmopathy, it does not 
give useful information about the 
thickened muscles at the orbital apex, 
which can be shown on computed 
tomography (CT) probably to be the 
cause of optic neuropathy in this dis- 
ease. 

Computed tomography has had a 
great impact on the diagnosis and 
management of orbital diseases. The 
natural high-fat content in the orbit 


Table 2.—Dysthyroid Orbitopathy Without Neuropathy 


Vision 


Case/Age, 
yr/Sex OD os 


Discs 


1/71/F 20/40* 20/60* Normal 


2/64/F 20/25 20/20 Normal 


Fields 
Normal 


Normal 


Computed Tomography Scan 


Minimal extraocular and levator muscle 
thickening, severe bilateral proptosis; 
increase in orbital fat and prolapse of 
orbital septum are dominant features 


Fusiform enlargement of medial rectus 
OD, slight proptosis OD 





*Visual diminution due to corneal epithelial disturbance secondary to exposure. 


Fig 1.—Top left, Apical extraocular muscular thickening (case 3, 


Table 1). 


Fig 2.—Top right, Diminished apical extraocular muscular thick- 
ening following successful corticosteroid therapy (case 3, Table 


1). 


Fig 3.—Bottom, Minimal muscular thickening but severe proptosis 


(case 1, Table 2). 


808 Arch Ophthalmol—Vol 99, May 1981 


affords excellent densitometric dif- 
ferentiation of the regional struc- 
tures, thus facilitating detection of a 
broad spectrum of pathologic condi- 
tions. On CT, four cardinal orbital 
findings are often present in Graves’ 
disease: proptosis, muscle swelling, 
thickening of the optic nerve, and 
anterior prolapse of the orbital sep- 
tum due to excessive orbital fat and/ 
or muscle swelling, all of which vary in 
type and degree with the severity of 
the condition. The use of thin-section 
tomography has remarkably improved 
radiologic resolution near the orbital 


‘ apex, thereby permitting the distinc- 


tion between the swollen muscles of 
Graves’ disease and tumors of the 
orbital apex.*^ 


MATERIALS AND METHODS 


The conditions of seven patients were 
diagnosed clinically as dysthyroid optic 
neuropathy. Computed assisted tomogra- 
phy of the orbits was perfermed using a 
body scanner. Scans were obtained both 
before and after infusion of iodinated con- 
trast medium in both axial and coronal 
planes. Apical muscle thickening was 
observed in all cases. In addition, two other 
cases of dysthyroid orbitopathy without 
optic neuropathy are included to contrast 
their morphology on CT. The results are 
shown in Tables 1 and 2. 
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A typical case is (No. 3, Table 1) a 
56-year-old woman who was being treated 
medically for kyperthyroidism and exoph- 
thalmos for one year. She was referred to 
our neuro-ophthalmology and orbital dis- 
ease service in January 1978 because she 
noticed blurring of vision in both eyes. 

On examination, she had visual acuity of 
20/40 OD and 20/20 OS, but the color visual 
acuity was decreased sharply on Ishihara 
plates to 0/12 OD and 2/12 OS. She had a 
right afferent pupillary defect and limita- 
tion of upward movement in both eyes, but 
there was no diplopia. Bilaterally, there 
was considerable increase in the orbital 
resistance, and the Hertel measurements 
were 28 and Z3 with a base of 102. There 
was no lid lag or lid retraction and the 
corneas and anterior chambers were clear. 
There was bilateral papilledema that was 
more severe on the right side. Visual fields 
showed enlarged blind spots in both eyes 
with a central scotoma in the right eye. The 
CT scans showed apical muscle thickening 
bilaterally together with bilateral propto- 
sis and prolapse of orbital septum, the optic 
nerves being compressed within the muscle 
cone, particularly the right optic nerve, and 
there was no taickening of the optic nerves 
(Fig 1). 

The diagno-is of dysthyroid optic neu- 
ropathy due te apical optic nerve compres- 
sion was evilent and the patient was 
treated with prednisone tablets, 80 mg/ 
day, which were gradually tapered. During 
the five-month course of treatment she had 
been observed closely by regular visits 
every one or "wo weeks. Her visual acuity 
improved to 20/20 OU with concomitant 


^ improvement of color vision to 12/12 OU, 


disappearance of dise edema, and normal 
visual fields. The CT at the end of her 
treatment shewed a sharp decrease in the 
proptosis as well as the muscle thickening 
and optic nerve compression at the orbital 
apex (Fig 2). — 


RESULTS 
All of our patients were women; the 


youngest was 44 years of age and the 


oldest 69 years of age. The optic neu- 
ropathy was bilateral in five patients, 
although the two eyes were not neces- 
sarily affected at the same time or to 


œ the same degree. The disease was 


ag- 


essentially unilateral in two patients. 

The visual symptoms were variable 
and inconsistent, ranging from a 
normal of visual acuity of 20/20 to a 
sharp decrease to 20/300. The color 
vision tested by Ishihara pseudoiso- 
chromatic plates was normal in two 
patients amd affected to different 
extents in five patients. There was a 
defective afferent pupillary response 


in five cases and normal pupillary 
| 
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reactions in two cases. Fundus exami- 
nation showed normal optie dises in 
three cases, hyperemia of the disc in 
two cases, and frank papilledema in 
two cases. 

The degree of proptosis was mea- 
sured by the Hertel exophthalmome- 
ter and varied from a minimum of 18 
mm to a maximum of 30 mm. The only 
physical finding that was present in 
all eases of optic neuropathy was a 
change in the visual field (Goldmann 
perimetry). The field changes ranged 
from enlargement of the blind spot, 
central or paracentral scotomata, or 
irregular contraction of the field. 

Computed tomography showed sub- 
stantially enlarged extraocular mus- 
cles in the orbital apex with optic 
nerve compression in all the cases of 
dysthyroid optic neuropathy. The api- 
cal muscular thickening varied some- 
what, affecting 1, 2, or, more common- 
ly, 3 of the four recti muscles. 

Comparing these findings with 
those of the two contrasting patients 
of the same sex and nearly the same 
age group, who are affected by dys- 
thyroid orbitopathy but without neu- 
ropathy, we could clearly see the dif- 
ference in the CT scans. These types 
of patients had proptosis, diplopia, or 
exposure problems, yet the CT scan 
either showed minimal muscle thick- 
ening or at most more anterior fusi- 
form thickening that in either case did 
not cause compression of the optic 
nerve at the orbital apex (Fig 3). 


COMMENT 


Vision loss in dysthyroid orbitopa- 
thy can be caused by optic neuropathy 
or corneal exposure. Optic neuropathy 
in dysthyroid disease in our patients 
had no direct relation to the degree of 
exophthalmos. It was more directly 
related to the degree of optic nerve 
compression at the orbital apex. Due 
to its anatomic characteristics, it 
seemed that the optic nerve could 
withstand a stretch type of injury in 
severe degrees of exophthalmos much 
better than a compression type of 
injury that occurred in dysthyroid 
optic neuropathy. Corneal exposure, 
on the other hand, as evidenced in 
Table 2, is better correlated with 
severe proptosis and/or lid retrac- 
tion. 

The thickened muscles at the orbital 
apex in cases of dysthyroid optic neu- 


ropathy, as clearly seen in the CT 
scans, would cause increased tissue 
bulk and tissue pressure around the 
optic nerve because there is little fat 
at the orbital apex, compared with the 
anterior orbit, to allow self-decom- 
pression by absorption. This apical 
optic nerve compression would cause 
an effective mechanical pressure on 
the optic nerve itself and/or its blood 
supply. 

Knowledge of the underlying patho- 
logic changes that occur in dysthyroid 
optic neuropathy and correlating 
these changes with CT allows hope for 
better understanding of the effective 
lines of treatment to be tried in 
managing these cases. When the site 
of the lesion is in the orbital apex, it 
seems reasonable first to prescribe 
medical treatment with corticoste- 
roids (the results of which are demon- 
strated in the case report). Second, if a 
steroid response is positive initially 
but fails at a later date due to intoler- 
ance or diminishing effect, radiation 
therapy directed to the orbital apex 
has proved efficacious at our universi- 
ty as at other centers.” Third, if surgi- 
cal decompression of the orbit is to be 
attempted, it should be done as poste- 
riorly as possible to release the com- 
pression of the optic nerve at the 
orbital apex. 
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Trabeculectomy vs Thermosclerostomy 


A Randomized Prospective Clinical Trial 


Pierre Blondeau, MD, Charles D. Phelps, MD 


€ In a prospective randomized clinical 
trial we compared the efficacy and safety 
of trabeculectomy and thermosclerosto- 
my for the treatment of open angle glauco- 
ma. Forty-eight eyes were treated by tra- 
beculectomy and 50 eyes were treated by 
thermosclerostomy. The mean follow-up 
period was 2.7 years. Thermosclerostomy 
lowered intraocular pressure about 3 mm 
Hg lower than trabeculectomy on the aver- 
age. However, the percentage of eyes with 
pressures less than 22 mm Hg was not 
different for the two operations. The main 
difference between trabeculectomy and 
thermosclerostomy was the number of 
complications. Postoperative flat anterior 
chamber, decrease in visual acuity, cata- 
ract, hypotony, and thin bleb with late 
perforation or infection all occurred more 
frequently after thermosclerostomy. In 
conclusion, although trabeculectomy is 
slightly less effective than thermoscleros- 
tomy in lowering pressure, its relative 
freedom from complications make it a 
more desirable filtering operation. 

(Arch Ophthalmol 1981;99:810-816) 


ew surgical procedures are often 
introduced and adopted without 
the rigorous testing and proofs of 
efficacy and safety that in this coun- 
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try are required for the introduction 
of a new drug. Trabeculectomy, for 
example, is a relatively new operation 
for glaucoma that in the few years 
since its description has become wide- 
ly used throughout the world, even 
though it has not yet been proved in a 
prospective, controlled, and random- 
ized clinieal trial to be more effective 
or more safe than any other glaucoma 
operation. 

Abundant clinical, histological, and 
experimental evidence demonstrates 
that trabeculectomy usually lowers 
intraocular pressure by providing ex- 
ternal filtration.'" However, it dif- 
fers from other more traditional fil- 
tering operations in having its filter- 
ing sclerostomy covered by a flap of 
partial-thiekness sclera in addition to 
the usual flap of conjunctiva and 
Tenon's capsule." The scleral flap is 
thought to protect against early flat- 
tening of the anterior chamber, pro- 
longed hypotony, late perforation, and 
endophthalmitis.!'-*:!?-7^ Although 
many surgeons think trabeculectomy 
is slightly less effective in lowering 
pressure than the more classic types 
of filtering operations, this disadvan- 
tage is considered in most cases to be 
outweighed by the greater safety of 
trabeculectomy. 

How well proved are these alleged 
advantages and disadvantages of tra- 
beculectomy as compared with other 
filtering operations? Most published 
studies of trabeculectomy have re- 
ported surgical results without any 
controls. Some studies have compared 


the results of trabeculectomy opera- 
tions with those of other filtering 
operations done by the same surgeon 
at an earlier time'*??; historical con- 
trols such as these, while better than 
none, are inadequate because other 
factors that influence the outcome, 
such as criteria for operating, suture 
material, or surgical skill, may also 
change with time. A few studies have 
compared the results of trabeculecto- 
my to those of other filtering opera- 
tions done during the same time peri- 
od, but without random allocation of 
treatments.*°!*** Bias in assign- 
ment of operation is inewtable and 
must influence the results of these 
studies. 

A well-controlled study of trabecu- 
lectomy was recently reported by 
Spaeth,” who randomly assigned tra- 
beculectomy to one eye and the ther- 
mosclerostomy operation of Scheie to 
the other eye of 15 patients who 
underwent bilateral glaueoma sur- 
gery. He found in a five-year follow- 
up evaluation that IOP was lower, 
shallow anterior chambers were more 
frequent, and visual acuity was about 
the same after thermosclerostomy 
when compared with trabeculectomy. 

In 1973, we also began a prospective 
study comparing trabeculectomy with 
thermosclerostomy.* We wished to 
find out how easily the methodology 
of drug trials could be adapted to the 
evaluation of a new surgical proce- 
dure. We also wanted to determine 
which operation we should adopt as 
our preferred surgical treatment of 
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Table 1.—Proportions of Eligible Eyes Examined at Each Follow-up Period 


No. (%) of Eyes 


a ee E N 


Trabeculectomy 
Examined — 48 (100.0) 
Not examined 0 (0.0) 
Total 48 
Thermosclerostomy 
Examined 50 (100.0) 
Not examined 0 (0.0) 
Total ! 50 


| 


glaucoma. Thermosclerostomy had for 
many years been am effective opera- 
tion for us and was easy to do and to 
teach. We wanted o be sure that 
trabeculectomy, which is a bit more 
difficult to perform and teach to resi- 
dents, offered enough advantages to 
warrant its beeoming»our operation of 
choice. 


MATERIA.S AND METHODS 


We included in the stady patients with 
primary open angle glauzoma, pigmentary 
glaucoma, and exfoliative glaucoma who 
underwent filtering operations at Univer- 
sity of Iowa Hospitals, Iewa City, between 
January 1974 and April 978. We excluded 
patients with all other varieties of glauco- 
ma and also excuded patients with open 
angle glaucoma who had severe retinal 
vascular disease. iritis, history of ocular 
_ injury, or previous ocularsurgery. Thus, we 
included only phakie padents undergoing 
their first operation for apen angle glauco- 
ma. 

Sixty-four patents met these criteria. 
Thirty-four of the patierts required filter- 
ing operations in both eyes and 30 required 
an operation in only one eye, so that 98 
eyes, in total, were included in the study. 
Indications for sargery were high IOP in 
spite of maximum tolerased medical treat- 
ment and evidence of pressure-induced 
damage, such as progressive visual field 
loss, progressive cupping, or corneal ede- 
ma. “Maximum medica treatment” in- 
cluded piloearpine or carbachol, epineph- 
rine, and carbomic anhydrase inhibitors. 
- Timolol maleate was also included after it 
became available to us ia 1976. Echothio- 
phate iodide was used in a few patients. 

Randomization was done after the 
patient was admitted to the hospital and 
after a decision had been made as to which 
eye would be operated on first. The opera- 
tion was assigned consecutively from a list 
of random numbers (last Ggit even, trabec- 
ulectomy; last digit odd, thermosclerosto- 
my). The assignment was made by a tech- 
nician who was otherwise aninvolved in the 
surgical decision making If the patient's 
second eye was subsequeatly operated on, 
it received the other operation. This had 
the advantage of spreadisg out individual 
patient idiosyncrasies between the two 
operations. In a relatively small trial, per- 
forming the same operatien on both eyes of 
a patient who, for exampee, had an exces- 
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1 yr 2 yr 


46 (95.8) 42 (87.5) 37 (86.0) 
2 (4.2) 6 (12.5) 6 (14.0) 
48 48 43 


50 (100.0) 44 (88.0) 35 (77.8) 
0 (0.0) 6 (12.0) 10 (22.2) 
50 50 45 





3 yr 


23 (62.2) 15 (62.5) 5 (62.5) 
14 (37.8) 9 (37.5) 3 (37.5) 
37 24 8 


25 (62.5) 17 (58.6) 6 (66.7) 
15 (37.5) 12 (41.4) 3 (33.3) 
40 29 9 


Table 2.—Preoperative Characteristics 


Trabeculectomy Thermosclerostomy 
No. of eyes 48 50 


Intraocular pressure, mm Hg* 
Minimum, mean 


Maximum, mean 


Visual acuity 
20/15-20/40 


20/50 or worse 


Visual field 
Normal 


Abnormal 

Not able to test 
Type of glaucoma 

Primary open angle 

Exfoliative 

Pigmentary 


59.3 + 12.9 


11 
34 
60.1 + 13.8 





*Minimum and maximum pressures during last medical regimen. 


sive formation of scar tissue might unfair- 
ly prejudice the outcome of the trial 
against that operation. It had a potential 
disadvantage: having performed one oper- 
ation on one of a patient’s eyes, we may 
have been biased in our decision to operate 
on the fellow eye knowing in advance that 
we would be performing the other opera- 
tion. To the best of our recollection, this 
consideration did not enter into our deci- 
sion making. Usually we had decided to 
operate either on both eyes or on only one 
eye before the patient entered the study. 

Thirty-four patients had a trabeculecto- 
my in one eye and a thermoslcerostomy in 
the other. Fourteen patients had a trabecu- 
lectomy in one eye only, and 16 patients 
had a thermosclerostomy in one eye only. 
Thus, a total of 50 thermosclerostomies and 
48 trabeculectomies was done. 

One of us (C.D.P.) performed 34 of the 
trabeculectomies and 30 of the thermo- 
sclerostomies. Residents in training under 
supervision of one of us (C.D.P.) performed 
the other 14 trabeculectomies and 20 ther- 
mosclerostomies. The same surgical tech- 


nique was used for all operations. 

Because other surgeons may perform 
these operations differently and because 
our results may be influenced by our surgi- 
cal methods, it is necessary that we 
describe our operative technique in some 
detail. We withheld carbonic anhydrase 
inhibitors and prescribed antibiotic drops 
for 24 hours before the operation. Minimal 
or no sedation was given. All operations 
were performed with local anesthesia, 
using O’Brien and retrobulbarinjections of 
lidocaine, mepivacaine hydrechloride, or 
bupivacaine hydrochloride. 

For both operations, a No. 4-0 silk suture 
was placed under the superior rectus ten- 
don at its insertion and was used to rotate 
the globe downward. A limbus-based flap 
of conjunctiva and Tenon’s capsule was 
prepared; the flap was about 7 mm in 
anteroposterior length and 15 mm in 
width. The center of the flap was usually 
slightly temporal or nasal to the 12-o'clock 
meridian. Episcleral tissue was cleaned 
with sharp dissection to expose the surgical 
limbus, and episcleral bleeding was con- 
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trolled with light cautery. 

For a trabeculectomy, a limbus-based 
rectangular scleral flap was dissected. This 
flap was about 5 mm wide and 4 mm in 
anteroposterior length. It was approxi- 
mately one half to two thirds thick. The 
dissection was carried well into the cornea. 
A circumferential incision approximately 3 
mm in length was made at the anterior 
edge of the scleral spur into the anterior 
chamber. Two radial incisions were made 
into the anterior chamber from the cornea 
back to the ends of the posterior incision. 
The block of inner limbal tissue, hinged 
anteriorly, was gently brushed free of 
anterior ciliary body and uveal meshwork 
and was excised at the cornea. An iridecto- 
my was made, and the scleral flap was 
tacked down along its posterior edge with 
three absorbable sutures. During the first 
two years of the study, a No. 7-0 chromic 
suture was used; thereafter, we changed to 
a No. 7-0 polyglactin (Vieryl) suture. 

For the thermosclerostomy operation, a 
midlimbal half-depth corneoscleral groove 
was made. A Scheie thermocautery, just 
hot enough to cause retraction of the scle- 
ral edge without charring, was applied to 
the ends and posterior edge of the incision. 
A Gill knife was then used to slightly 
deepen the groove, and cautery was reap- 
plied. Alternate applications of knife and 
cautery was used to slowly deepen the 
groove until the anterior chamber was 
entered. No cautery was applied after 
entering the chamber. An iridectomy was 
made. 

Both operations were completed by clos- 
ing the flap of conjunctiva and Tenon’s 
capsule in two layers with a running 
suture. For the first two years of the study, 
we used a No. 7-0 chromic suture and, 
thereafter, we used a No. 7-0 polyglactin 
suture. Dexamethasone alcohol and atro- 
pine sulfate eyedrops were instilled imme- 
diately and used subsequently until the eye 
was free of inflammation. The eye was 
patched only for 24 hours. The patient was 
allowed out of bed immediately and was 
usually discharged from the hospital the 
following day. 

For this study, we recorded the measure- 
ments and observations made at examina- 
tions before the operation and one day, 
three months, and 1, 2, 3, 4, and 5 years 
after surgery. The average duration of 
follow-up in the trabeculectomy group was 
2.6 years and in the thermosclerostomy 
group was 2.7 years. At least one year of 
follow-up was available for 87.5% of the 
trabeculectomies and 88% of the thermo- 
sclerostomies; two years for 77.1% of the 
trabeculectomies and 70% of the thermo- 
sclerostomies; three years for 47.9% of the 
trabeculectomies and 50% of the thermo- 
sclerostomies; four years for 31.3% of the 
trabeculectomies and 34% of the thermo- 
sclerostomies; and five years for 10.4% of 
the trabeculectomies and 12% of the ther- 
mosclerostomies. The decreasing percent- 
ages, of course, mainly reflect the time 
available for follow-up, since the opera- 
tions were performed during a four-year 
and four-month period. The analysis was 
made one year after the last operation. 
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Fig 1.—Average intraocular pressures (mean 


intervals after operation. 










Trabeculectomy 

ee eee = 
Time ` Mean + SD 
1 day 12.2 + 11.6 
3 mo T 715,9 E 55 
1 yr Wisk A4 
2 yr 15.9 +, 49 
3 yr z 17.0 x 50 
4 yr 175+ 49 


148+ 4.3 





However, several eyes in each group were 
lost to complete follow-up because of fail- 
ure to return or death (Table 1). Many of 
those who dropped out completed at least 
some of their follow-up, and some who 
were not examined at one interval were 
examined at a subsequent period. 

We analyzed the following factors: IOP, 
appearance of bleb, visual field, visual acu- 
ity, and complications. Intraocular pres- 
sure was measured with a Goldmann appla- 
nation tonometer. For preoperative base- 
line pressures, we recorded the minimum 
and maximum pressure during the pa- 
tient's last preoperative medical regimen. 
At postoperative examinations, pressure 
was measured and recorded before eye 
manipulations, such as gonioscopy or mas- 
sage, were performed. 

Visual acuity was tested with the best 
optical correction at a Snellen chart. Visual 
fields were examined at a Goldmann per- 
imeter. We used the Armaly screening 
strategy as modified by Drance to search 
previously normal portions of the field for 
defects.** Once a field defect was detected, 
we plotted it kinetically using multiple test 
stimuli. We used the following criteria to 
define a change in the visual field during 
the one-year follow-up examination: (1) 
disappearance of an existing defect; (2) 
appearance of a new defect; (3) change of 





Table 3.—Average Postoperative Intraocular Pressures 





«4 Trabecu ectomy 
Thermasclerostomy 


Year 
+ SD) preoperatively amd at various 


Thermosclerostomy 
— -e l— 
x Mean + SD 
3.8 + 2.9 < E: 
9 14.4 + 5.1 
13.9 + 6.4 = a 
13.0 + 6.2 < .005 
= 13.4 + 5.0 < .01 
17 13.9 + 4.5 A 


12.3 + 4.4 


15? in length or 5? in width of an existing 
scotoma; (4) change in depth of a scotoma 
by at least two steps in the following 
sequence of stimuli: I2e, I3e, I4e, II4e, 
III4e, IV4e, V4e; and (5) change in width of 
a nasal step by at least 10°. For 21 eyes, 
because of cataract, loss of central field 
from glaucoma, or poor cooperation, the 
patient was unable to fixate reliably. In 18 
of these eyes, we were able to determine if 
there was gross loss of visual field. Howev- 
er, we were unable with any degree of 


Te 


P 


confidence to judge if the visual field had =s 


improved, worsened, or remained the same 
on follow-up examination. 

For statistical analysis, we used the f 
test for independent mezns to test the 
significance of differences between mean 
IOP measurements in the zwo groups. We 
separately analyzed the 34 patients with 
bilateral surgery (trabeculectomy in one 
eye and a thermosclerostomy in the other 
eye), using a paired t test to determine the 
significance of differences between means 
of the paired measurements. To determine 
the significance of differences in propor- 
tions, we used the x? test with Yates' 
discontinuity correction. 


RESULTS 
Preoperative patient characteristics 
are given in Table 2. Tae two groups 
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are quite comoarab «€ (ie, the randomi- 
zation procedare was effective). 

Preoperatiwely, the mean IOPs 
were nearly identical for the two 
groups. Postqgperat wely, the thermo- 
sclerostomy group en the average had 
lower pressures than the trabeculecto- 
my group at every follow-up period 
(Fig 1). The difference was usually 
about 3 mm He and for most follow-up 
periods was statistically significant 
(Table 3). 

The most roticeable difference be- 
tween the tw» groups occurred on the 
first postoperative day (Table 3). 
Thermosclerostomy usually caused a 
very low pressure the day after sur- 
gery. Trabecalectomy, on the other 
hand, caused a vamable immediate 
result: some eyes were hypotonic, but 
others had high pressures. Those with 
high pressures usually lacked filtering 
blebs but qui&kly formed blebs after 
minimal massage. 

If one judges “geod” glaucoma con- 
trol as a pressure of less than 22 mm 
Hg, the two operations were about 
equally effective (Table 4). The num- 
ber of eyes ir whieh it was necessary 
to resume medical therapy was similar 
in the two groups (Table 4). Intraocu- 
lar pressure vas controlled (under 22 
mm Hg) witk or without medications 
in 80% to 95% of the eyes at each 
follow-up period no matter which 
operation was performed. 

If we anzlyzed separately those 


eyes with a follow-up of at least five 


years, we found that with either oper- 
ation the proportion of eyes with pres- 
sures less then 22 mm Hg was quite 
constant from three months on. The 
same stabilit- was evident if we ana- 
lyzed only eyes with 4-, 3-, or 2-year 
follow-ups. Taus, the pressure control 
at three mon-hs was a good indicator 
of what the ong-term pressure con- 
trol would be 

The pressure data in Tables 3 and 4 
include ten e-es in the thermoscleros- 
tomy group that required cataract 
surgery and = few eyes in each group 
that required additional glaucoma 
surgery duriag the follow-up period 
(Table 8). More eyes required a second 
operation in the thermosclerostomy 
group than in the trabeculectomy 
group. This may have influenced the 
difference observed between the two 
groups in mean pressures. 

Blebs were roughly classified into 
“thick” blebs that were flat, diffuse, 
and often posterior, and “thin” blebs 
that were car, eystic, and limbal. 
Thermosclerestomy eyes nad a higher 
proportion of thin 5iebs, and trabecu- 
lectomy eyes a higher proportion of 
thick blebs o- no bieb at all (Table 5). 
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Table 4.—Quality of Intraocular Pressure Control 





3 mo 
<22 mm Hg no treatment 


Treatment 
>22 mm Hg no treatment 
Treatment 
Total 
1 yr 
<22 mm Hg no treatment 
Treatment 
>22 mm Hg no treatment 
Treatment 
Total 
2 yr 
<22 mm Hg no treatment 
Treatment 
>22 mm Hg no treatment 
Treatment 
Total 
3 yr 
—22 mm Hg no treatment 
Treatment 
z22 mm Hg no treatment 
Treatment 
Total 
4 yr 
<22 mm Hg no treatment 
Treatment 
>22 mm Hg no treatment 
Treatment 
Total 
5 yr 
<22 mm Hg no treatment 
Treatment 
—22 mm Hg no treatment 
Treatment 
Total 
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No.(%) of 


Trabeculectomies 


37 (80.4) 
4 (8.7) 
4 (87) 
1 (22) 

46 (100.0) 


32 (76.2) 
2 (4.8) 
4 (9.5) 
4 (9.5) 

42 (100.0) 


27 (73.0) 
5 (13.5) 
5 (13.5) 
0 (0.0) 
37 (100.0) 


18 (78.3) 
2 (8.7) 
3 (13.0) 
0 (0.0) 
23 (100.0) 


11 (73.3) 
1 (6.7) 
2 (13.3) 
1 (6.7) 

15 (100.0) 


4 (80.0) 
1 (20.0) 
0 (0.0) 
0 (0.0) 
5 (100.0) 





8 (19.0) 
22 (52.4) 
12 (28.6) 
42 (100.0) 





10 (27.0) 
19 (51.4) 
8 (21.6) 
37 (100.0) 





8 (34.8) 
12 (52.2) 
3 (13.0) 
23 (100.0) 





5 (33.3) 
7 (46.7) 
3 (20.0) 
15 (100.0) 





2 (40.0) 
1 (20.0) 
2 (40.0) 
5 (100.0) 














No.(96) of 


Thermosclerostomies 


40 (80.0) 
5 (10.0) 
5 (10.0) 
0 (0.0) 
50 (100.0) 


35 (79.5) 
5 (11.4) 
2 (4.5) 
2 (4.5) 
44 (100.0) 


28 (80.0) 
4 (11.4) 
1 (2.9) 
2 (5.7) 
35 (100.0) 


20 (80.0) 
4 (16.0) 
O (0.0) 
1 (5.0) 
25 (100.0) 


15 (88.2) 
2 (11.8) 
0 (0.0) 
0 (0.0) 
17 (100.0) 


5 (83.3) 
1 (16.7) 
0 (0.0) 
0 (0.0) 
6 (100.0) 


Table 5.—Type of Bleb 


No.(%) of 
Trabeculectomies 


Na.(%) of 


Thermosclerostomies 


22 (50.0) 
18 (40.9) 


4 (9.1) 


21 (60.0) 
12 (34.3) 


2 (5.8) 


35 (100.0) 


15 (60.0) 
7 (28.0) 
3 (12.0) 
25 (100.0) 


11 (64.7) 
5 (29.4) 


1 (5.9) 


5 (83.3) 


© (0.0) 


1 (16.7) 
6 (100.0) 


44 (100.0) 


17 (100.0) 





Table 6.—Relationship of Type of Bleb to Intraocular Pressure 


Trabeculectomy Thermosclerostomy 
a er 


















N Mean + SD N Mean + SD 
1 yr 
Thin bleb 8 15.5 + -5:3 22 12.1+ 56 
Thick bieb 22 162 + ' 48 18 144+ 53 
No bleb 12 21.7 + 10.8 4 21.5 + 9.6 
Total 42 E 44 
2 yr 
Thin bleb 10 136+ 4.6 21 10.2 + 4.4 
Thick bleb 19 168+ 4.1 12 15.2: 57 
No bleb 8 159+ 6.8 2 19.0 + 4.2 






Total 





Table 7.—Visual Field Change at One Year After Surgery 






Visual Field No.(%) of No.(%) of 
Change Trabeculectomies Thermosclerostomies 

Better 9 (18.8) 6 (12) 

Same 24 (50.0) 25 (50) 





Worse 3 (6.2) 10 (20) 
Unable to judge 12 (25.0) 9 (18) 


Total 48 (100.0) 50 (100) 












3 mo 
Same or better 
—1 to —2 lines 
—3 or worse 

Total 

1 yr 
Same or better 
—1 or —2 lines 
—3 or worse 

Total? 

2 yr 
Same or better 
—1 to —2 lines 
—3 or worse 

Total 

3 yr 
Same or better 
—1 or —2 lines 
—3 or worse 

Total 

4 yr 
Same or better 
—1 or —2 lines 
—3 or worse 

Total 

5 yr 
Same or better 
—1 or —2 lines 
—3 or worse 

Total 































*Eyes that required cataract surgery are classified as having lost three or more lines even if their 
visual acuity subsequently improved. 











No.(%) of 


Trabeculectomies 


28 (60.9) 
12 (26.1) 

6 (13.0) 
46 (100.0) 


22 (52.4) 
15 (35.7) 

5 (11.9) 
42 (100.0) 


18 (48.6) 
10 (27.0) 
9 (24.3) 
37 (100.0) 


8 (34.8) 
8 (34.8) 
7 (30.4) 

23 (100.0) 


6 (40.0) 
4 (26.7) 
5 (33.3) 
15 (100.0) 


0 (0.0) 
2 (40.0) 
3 (60.0) 
5 (100.0) 


TP < .005. All the rest are not significant. 
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Table 8.—Visual Acuity Change From Preoperative Examination* 


No.(9?o) of 


Thermosclerostomies 


21 (42.0) 
17 (34.0) 
12 (24.0) 
50 (100.0) 


18 (40.9) 
11 (25.0) 
15 (34.1) 
44 (100.0) 


13 (37.1) 
9 (25.7) 
13 (37.1) 
35 (100.0) 


9 (36.0) 
8 (32.0) 
8 (32.0) 
25 (100.0) 


5 (29.4) 
4 (23.5) 
8 (47.1) 
17 (100.0) 


2 (33.3) 
2 (33.3) 
2 (33.3) 
6 (100.0) 











Mean IOPs tended to be lower in eyes 
with thin blebs than in eyes with thick 
blebs (Table 6). The differences in 
mean pressure between thick and thin 
blebs were statistically significant 
(P < .05) for both operations at two 
years but not at one year. Intraocular 
pressures were slightly lower in eyes 
that had undergone thermosclerosto- 
my than in eyes that had undergone 
trabeculectomy, even when only thin 
blebs or only thick blebs were consid- 
ered, but the differences were no 
longer statistically significant (Ta- 
ble 6). 

There was a slight tendency for 
visual fields to improve more often 
and worsen less often with trabeculec- 
tomy when compared with thermo- 
sclerostomy. However, this difference 
was not statistically significant (Ta- 
ble 7). 

More than two thirds of the eyes in 
both groups lost acuity (Table 8). The 
decline in acuity was, in general, more 
rapid and more noticeable in the ther- 
mosclerostomy group than in the tra- 
beculectomy group, although the dif- 
ference was statistically significant 
only at a follow-up period of one year. 
Contrary to our expectation, preoper- 
ative visual acuity was of little use in 
predicting susceptibility to loss of acu- 
ity after filtering surgery (Fig 2). 

In eyes that lost acuity, the cause 
was almost always cataract. Ten (20%) 
of the 50 eyes in the thermosclerosto- 
my group required cataraet extraction 
during the time of follow-up. None of 
the eyes in the trabeculectomy group 
required cataract operations. 

The only intraoperative complica- 
tion recorded for either operation was 
a hole in the conjunctiva! flap (Table 
9). The holes, which were immediately 
repaired, occurred during one of the 
trabeculectomies and four of the ther- 
mosclerostomies. In all five eyes, a 
bleb formed and the pressure subse- 
quently remained between 10 and 20 
mm Hg. 

Complications recorded on the first 
postoperative day included hyphema 
and flat or shallow anterior chambers. 
Some amount of hyphema was present 
in 50% of the trabeculectomies and 
54% of the thermosclerestomies. A 
hyphema greater than 1 mm was 
found in 8% of the trabeculectomies 
and 16% of the thermoscierostomies. 
All of these cleared spontaneously in a 
few days. 

A flat anterior chamber, in which 
lens or iris was in contaet with the 
corneal endothelium, was noted in 4% 
of the trabeculectomies and 20% of the 
thermosclerostomies (P < .05). Shal- 
lowing of the anterior chamber, with- 
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Trabeculectomy 


Fig 2.—Relationship of visual acuity before sur 
indicates able to count fingers; HM, able to see 


perception. 


out complete flattening, was noted in 
an additional 27% ef the trabeculec- 
tomies and in 52%-of the thermoscler- 
ostomies. Thus, either shallowing or 
flattenmg of the anterior chamber 
occurred in 31% of the trabeculecto- 
mies and in 72% of the thermoscleros- 
tomies (P < .001). Only one chamber 
in the thermosclerestomy group did 
not spontaneously reform in a few 
days. This patient required surgical 
reformation and drainage of choroidal 
detachment after a flat chamber for 
ten days. 

Late complications are given in 
Table 3. Of particular note are the 
much higher incidence of cataract, 
late hypotony, and leaking or infected 
blebs in the  thermosclerostomy 
group. 

We analyzed separately the paired 
data from the 34 patients who had a 
trabeculectomy in one eye and a ther- 
mosclerostomy in the other. The 
results-closely paralleled those for the 
entire group, both in direction and 
magnitude of differences and in sta- 
tistical significance and, hence, will 
not be reported separately. 

Surgical success, judged by average 
pressu»e reduction and by the per- 
centage of eyes with pressures less 
than 22 mm Hg, occurred slightly 
more eften in eyes operated on by 
residerts than in eyes operated on by 
the mere experienced staff surgeon 
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gery to visual acuity one year after surgery. CF 
a hand moving; LP, light perception; NLP, no light 


Table 9.—Complications of Filtering Operations 


Operative hole in conjunctival flap 


Trabeculectomy Thermosclerostomy 
1 4 


Early postoperative: 
Hyphema 
=1 mm 


1mm 
Flat anterior chamber 
Shallow anterior chamber 


Late postoperative: 
Cataract requiring extraction 


Perforated bleb 
Infected bleb 
Bleb dissecting onto cornea 
lritis persisting 3 mo 
Hypotony, <10 mm Hg 

1 yr 

2 yr 
Retinal detachment 


Need for further glaucoma surgery 
Bleb revision 


Another filter 


20 15 
4 8 
2 10 
13 26 
0 10 
0 2 
0 2 
0 1 
3 6 
5 10 
4 9 
0 1 
3 3 
1 4 





(C.D.P.) This difference, however, was 
not statistically significant. The expe- 
rience of the surgeon did not influence 
the differences previously noted be- 
tween the two types of operation. 


COMMENT 


The results of this prospective ran- 
domized clinical trial, in general, con- 
firm the impressions of previous 
investigators that both trabeculecto- 


my and thermosclerostomy are effec- 
tive surgical treatments for open 
angle glaucoma. Each operation low- 
ered the IOP to less than 22 mm Hg in 
80% to 95% of the eyes, the exact 
percentage varying with the duration 
of follow-up. The two operations did 
not differ significantly in the percent- 
age of cases controlled. 

The thermosclerostomy operation, 
on the average, lowered IOP about 3 
mm Hg more than did the trabeculec- 
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tomy operation. Similar findings have 
been recorded by others.''?"?' The 
slightly greater pressure reduction 
after thermosclerostomy would be an 
advantage in a patient who is losing 
visual field at the low-tension end of 
the glaucoma spectrum. However, the 
price to be paid for a slightly greater 
mean reduction of pressure is a much 
greater likelihood of vision-threaten- 
ing complications. Cataract, hypotony, 
leaking bleb, and infection all oc- 
curred more often after thermoscler- 
ostomy. 

Both operations were associated 
with some loss of visual acuity in a 
high percentage of the patients. With- 
out age-matched nonoperated con- 
trols, we cannot be sure the surgery 
was responsible, but the loss of one or 
more lines of visual acuity in a major- 
ity of the patients in each group is 
probably more than would have 
occurred in the absence of surgery. 
We found a progressively higher fre- 
quency of visual acuity loss with 
increasing duration of follow-up. Tra- 
beculectomy seemed to cause less 
decrease of visual acuity than ther- 
mosclerostomy during the first one or 
two years after the operation. With 
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increasing duration of follow-up, the 
difference became less. 

Our study demonstrated to us that 
we were able to evaluate the efficacy 
and safety of a new ophthalmic surgi- 
eal procedure by means of a prospec- 
tive randomized clinical trial in much 
the same way as we currently evaluate 
new drugs. Such an evaluation, we 
think, is desirable before an operation 
becomes widely used. The history of 
ophthalmology contains many exam- 
ples of new operations that were 
enthusiastically espoused because of 
some alleged advantage but that were 
later discarded when the alleged 
advantage turned out to be spurious. 
A prospective clinical trial with strict 
randomization of treatments between 
the new procedure and some suitable 
control is the only way that efficacy 
and safety of a new operation can be 
proved. 

Our experimental design was not 
perfect. The study was not double 
masked. The patients knew, more or 
less, whieh operation had been per- 
formed: all were told, but most forgot. 
Although the technician who mea- 
sured visual acuity and visual fields 
was unaware that the patient was in a 
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The Significance of Baring of the Circumlinear Vessel 


A Prospective Study 


Robert M. Osker, MD, Jonathan Herschler, MD 


€ Twenty-seven consecutive patients 
whose diagneses were previously unes- 
tablished and who demonstrated baring of 
the circumlinear vessel underwent thor- 
ough ophthalmologic examinations. Evi- 
dence supporting optic nerve damage 
was found in 24 of these 27 patients. The 
majority of patients had either primary or 
secondary glaucoma, although neuro- 
logic, ischemiic, and retinal causes of 
optic atrophy were also found. In the three 
patients in whom no cause was estab- 
lished, either unusual asymmetry or size 
of cupping was noted. Baring of the cir- 
cumlinear vessel should alert the examin- 
er to loek for causes of optic nerve dam- 
age. 

(Arch-Ophthalmol 1981;99:817-818) 


Aprevious report directed attention 
to Daring of the cireumlinear ves- 
sel as 2 sign of optic nerve damage.’ 
That report. however, was based on 
retrospective case material This 
study was designed to determine the 
importance of a bared circumlinear 
vessel in a prospective manner. 


PATIENTS AND METHODS 


During the ‘our-month interval between 
Jan 1, 1979, end May 1, 1979, we encour- 
aged the referral of any patient who dem- 
onstrated baring of the circumlinear ves- 
sel Exdluded were those patients with 
either 2 known diagnosis of glaucoma or 
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ocular media too unclear to critically evalu- 
ate the optic disc. 

Twenty-seven patients between 21 and 
72 years of age were identified and met the 
study criteria. Each patient underwent a 
complete ocular examination, including 


visual acuity determination, tonometry, 
gonioscopy, indirect ophthalmoscopy, Gold- 
mann perimetry, and a slit-lamp examina- 
tion. The Hruby or fundus contact lens was 
employed to obtain a stereoscopic magni- 
fied view of the optic dise. When the 


Circumlinear Vessel Baring 
































Diagnosis No. of Patients 
Primary or secondary glaucoma 16 
Optic atrophy secondary to neurologic disease | 4 
Optic atrophy secondary to ischemic neuronal disease 3 
Optic atrophy secondary to diffuse retinal disease 1 
Diagnosis not established 3 








Circumlinear vessel baring in normotensive patients without retinal, ischemic, or 
neurologic disease. Cup-disc ratio, C:D ratio. 


Optic Discs 
(C:D Ratio) 


Case History IOP mm Hg Visual Field Angle Diagnosis 


Past Traumatic 


Bilateral 
Glaucoma 


Bilateral Trauma | 12-20, Symmetric 
Recessions 


2 Trauma OD; 
Dislocated Lens; 
Past IOP 40 mm Hg | 1220. Symmetric 
for Four Months 


Recession 


Past Traumatic 
Glaucoma 


Bilateral 
Cleavage 
Anomalies 


4 
dier of ae 
5 | Bilateral Aphakia 
(Past Operative 12-20, Symmetric 
Records 
Inaccessible) ; 
6 Thyroid Eye 
Disease With | 12-20, Symmetric Normal 
Marked Proptosis 
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Anterior Cleavage 


12-20, Asymmetric Disorder 


Cause Unknown, 
Asymmetric Cupping 





Cause Unknown, 
Asymmetric Cupping 


Cause Unknown, 
Large Symmetric 
Cupping 
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ophthalmologic examination failed to dis- 
close a cause for circumlinear vessel bar- 
ing, the patient was referred for neurologic 
consultation. 


RESULTS 


The results of this study are sum- 
marized in the Table. A majority of 
patients (16) had previously undiag- 
nosed primary or secondary glaucoma. 
Three patients had ischemic axonal 
loss secondary to either central retinal 
artery occlusion, ischemic optic neu- 
ropathy, or multiple embolic branch 
artery occlusions. Four patients 
showed neurologic optic nerve damage 
from either demyelinating disease, 
nutritional amblyopia, or chromo- 
phobe adenoma. Optic atrophy second- 
ary to diffuse retinal disease was 
observed after panretinal photocoag- 
ulation in another patient. 

Six patients had normal intraocular 
pressure (IOP). None of the previously 
noted conditions were present at the 
time of examination (Figure). Pre- 
vious optic nerve damage was sus- 
pected, however, in two of the six 
(cases 1 and 2) on the basis of an angle 
recession, presumably secondary to 
previous ocular trauma. In addition, 
patient 2 had had a dislocated lens and 
a documented elevated IOP into the 
40-mm Hg range in the past. Another 
patient (patient 3) had asymmetry of 
IOP and optic disc cupping associated 
with an angle cleavage abnormality. 
Two additional patients (patients 4 
and 5) had normal IOP, but demon- 
strated cup-dise (C:D) asymmetry 
greater than 0.2. A single patient with 
thyroid eye disease (patient 6) had 
normal IOPs, symmetric but large 
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cups (0.7 C:D), and no readily ap- 
parent cause of optic nerve dam- 
age. 


COMMENT 


Baring of the circumlinear vessel, as 
described in a previous article,’ seems 
to be a reliable indicator of optic nerve 
damage. Evidence establishing dise 
damage was found in 24 of the 27 
patients (89%) in this prospective 
study. Eight of these 24 were from 
nonglaucomatous causes. Nonglauco- 
matous excavation as a cause of cir- 
cumlinear vessel baring is much less 
frequent than one might conclude 
from this study, since known cases of 
glaucoma were intentionally excluded. 
Acquired disc excavation, which bares 
the circumlinear vessel, may infre- 
quently result from neurologic optic 
nerve disorders,?* or may represent 
axon loss secondary either to ischemic 
or diffuse retinal disease.** 

A bared circumlinear vessel without 
evidence of concomitant ocular or neu- 
rologic disease was identified in only 
three of 27 eyes. Two of these patients 
had C:D asymmetry greater than 0.2, 
which is rarely present in the normal 
population.* One of these patients had 
bilateral aphakia, but unfortunately 
we were unable to recover his surgical 
records to document an episode of 
post-cataract-extraction elevated 
IOP. The final patient had large (0.7 
C:D) but symmetric cups. Comparable 
excavation may rarely be observed in 
the normal population, but frequently 
bears an association with glaucoma." 
Although we were unable to account 
for the dise asymmetry or enlarged 
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cupping in these three patients, path- 
ologic dise damage is still suspected on 
the basis of the rarity of these find- 
ings in the normal population. 

While the greatest value of the sign 
may be in detecting glaucomatous 
optic nerve damage prior to the onset 
of visual field loss, the presence of a 
bared circumlinear vessel does not dis- 
tinguish between previous damage 
that has remained static and an 
actively progressive process. The 
former category may sometimes ex- 
plain the occurrence of the sign in the 
presence of a normal IOP, although in 
this setting a thorough ophthalmo- 
logic examination may show explana- 
tory pathologic findings (eg, gonio- 
scopic findings in cases 1, 2, and 3). 
Cireumlinear vessel baring in the 
normotensive patient may also signi- 
fy an underlying neurologic disorder, 
thereby warranting special attention 
toward the history, visual fields, disc 
appearance, and subsequent neuro- 
logie consultation. Nevertheless, the 
majority of patients in the general 
population who demonstrate baring 
wil have slowly progressive glauco- 
matous optic nerve damage secondary 
to an elevated IOP pressure. 

In conclusion, we believe this study 
supports the previous report' that bar- 
ing of the cireumlinear vessel is a 
reliable new sign indicative of pre- 
vious damage to the optic nerve. The 
sign should alert the examiner to the 
likelihood of a past or present glauco- 
matous process, but neurologie, is- 
chemic, and retinal diseases must be 
considered in the differential diagno- 
sis. 
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The Prognosis of 


Corticosteroid-Responsive Individuals 


Yoshiaki Kitazawa, MD, Takeshi Horie, MD 


* Response of intraocular pressure to 
topical corticosteroid administration is 
determined senetically, and the genes 
that determine corticosteroid responsive- 
ness of IOP and primary open angle glau- 
coma are considered closely related. To 
elucidate the- relationship between corti- 
costeroid responsiveness and primary 
open angie glaucoma, 35 patients with 
high corticosieroid responsiveness were 
followed up without therapy for at least ten 
years. During*the follow-up period, a sus- 
tained rise in IOP greater than 21 mm Hg 
developed in five of 22 originally normo- 
tensive subjects. In two cases, glaucoma- 
tous field changes were demonstrated 
along with pressure elevation. Of 13 origi- 
nally ocular hypertensives, further rise of 
IOP associated with glaucomatous field 
changes deweloped in seven. Results 
strongly indicate that pressure elevation 
is more likely to develop in corticosteroid- 
responsive individuals and that glaucom- 
atous field defects are more likely to 
develop in responsive as compared with 
nonresponsive subjects. 

(Arch Opht*»almol 1981;99:819-823) 


[t is a welkestablished fact that the 

vast majority of patients with pri- 
mary open angle glaucoma respond to 
topical corticosteroid administration 
with a sharp rise in intraocular pres- 
sure." On the basis of family and 
population studies, the response of 
IOP to corticosteroids was claimed to 
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be genetically determined by an 
autosomal monogenic mechanism, and 
the genes determining corticosteroid 
responses and primary open angle 
glaucoma were considered to be close- 
ly related, if not identical. Although 
the hypothesis of "monogenic inheri- 
tance" of corticosteroid responsive- 
ness of IOP has been questioned by 
several investigators,"" there is 
strong clinieal evidence supporting a 
significant correlation between IOP 
response to corticosteroids and many 
ocular findings, including primary 
open angle glaucoma, family history 
of glaucoma, and level of IOP.*-* More- 
over, a recent prospective study on 
untreated ocular hypertensives dem- 
onstrated that corticosteroid respon- 
siveness of IOP is one of the clinical 
factors with the highest sensitivity 
(100%) in identifying the ocular hyper- 
tensive patients who are doomed to 
have glaucomatous visual field de- 
fects, although the specificity is quite 
low." 

As clarified by population studies, 
there exists a large number of individ- 
uals with normal or moderately ele- 
vated IOPs who respond to topical 
corticosteroid administration with a 
sharp elevation of IOP. If the hy- 
pothesis of monogenic inheritance is 
valid, those corticosteroid-responsive 
subjects are genetically identical or 
similar to patients with primary open 
angle glaucoma and must be carrying 
a greater risk of having primary open 
angle glaucoma develop as compared 
with those with low corticosteroid re- 
sponsiveness. However, little has been 
known about the fate of corticoste- 
roid-responsive individuals. In partic- 
ular, our knowledge of the fate of 
normotensive subjects with high corti- 


costeroid responsiveness is extremely 
limited, and no rationa! approach to 
the management of those individuals 
has been established as yet. 

We initiated a prospective study at 
the Glaucoma Service of Chiba (Ja- 
pan) University Hospital in an at- 
tempt to determine the fate of highly 
corticosteroid-responsive subjects in 
1964. The study was continued at the 
Glaucoma Service of the University of 
Tokyo after we moved there in 1976. 
Through this study we hoped to eluci- 
date the prognosis of corticosteroid- 
responsive individuals and to establish 
a rational method of management. 
Particular attention was paid to those 
normotensive individuals who were 
presumed to share a genetic constitu- 
tion, ie, high corticosteroid respon- 
siveness, with patients with primary 
open angle glaucoma. 


MATERIALS AND METHODS 


A total of 250 patients was tested for 
their IOP response to corticosteroids 
between 1963 and 1969. One-tenth percent 
betamethasone phosphate ophthalmic solu- 
tion was instilled in each eye four times a 
day for four weeks, and the steroid respon- 
siveness of IOP was classified according to 
Armaly's criteria. Namely, the pressure 
rise equal to or greater than 16 mm Hg was 
considered to be a high corticosteroid 
response. Forty individuals with the high 
corticosteroid responsiveness were enrolled 
in this study. Fifteen patients had IOP 
greater than 21 mm Hg on at least three 
successive measurements but no demon- 
strable field loss and were classified as 
ocular hypertensives. Twenty-five had IOP 
less than 22 mm Hg on at least three 
successive measurements and were classi- 
fied as the normotensives. Each had a 
normal open angle that could not be 
occluded (grade 3 to 4), no demonstrable 
field changes, no family history of glauco- 
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Steroid EAE IM, «ioo cei RN 
Mean IOP,* mm/Hg 
Case/Sex/Age p Abu me at 4 wk Observation Period 
at Last Period of Through Range of of Steroid Rise of at Onset 
Examination, Observation, - Period IOP, Administration, IOP, of Ocular 
yr mo Eye First Year Last Year Observation mm Hg mm Hg mm Hg Hypertension, mo 


1/F/56 OD 18.0(5)t 21.8(6) 19.8(66) 25-13 


OS 18.4(5) 24.9(6) 19.6(66) 26-13 


8/F/75 OD 17.0015)  22.2(5) 19.0(76) 25-13 
OS 16.3(05)  18.0(5) 17.6(76) 24-13 

14/F/31 ODi 20.0(6) 24.5(8) 20.2(61) 27-15 
OS 16.6(6) 19.4(8) 18.1(61) 23-15 

24/M/44 OD 19.8(4) 20.7(4) 19.5(64) 25-13 
OS 20.8(4) 24.4(4) 20.1(64) 26-14 

32/M/54 OD 20.5(3) 25.7(6) 21.0(81) 28-16 
OS 199.0(3) 20.5(6) 18.9(81) 23-13 


*Intraocular pressure. 
TParentheses indicate number of measurements. 
iEyes in which fill defects developed. 
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Mean IOP,* mm Hg 


Case/Sex/Age aan ae gen ia nn SCC SEED IOP at n ad res A wk Observation Period 
at Last Period of Through of Steroid at Onset 
Examination, Observation, Period of Range of Administration, Rise of of Field 






























yr mo Eye First Year Last Year Observation IOP, mm Hg mm Hg IOP, mm Hg Defects, mo 
5/M/47 162 OD 22.1(8)f . 20.3(3) 20.4(94) 29-15 40 19 NAÍ 
OS 21.9(8) 20.3(3) 19.9(94) 30-15 41 21 
7/F/48 131 OD 25.0(3) 25.8(4) 24.7(55) 32-20 48 27 NA 
OS 25.0(3) 24.8(4) 25.7(55) 34-19 50 30 
9/F/48 138 OD 21.7(4) 23.5(13) 22.1(86) 28-17 38 17 NA 
OS 21.0(4) 23.5(13) 22.2(86) 30-16 37 18 
11/F/65 126 OD 18.7(7) 23.8(6) 20.1(134) 29-12 46 25 NA 
OS 22.4(7) 21.8(6) 23.4(134) 30-15 53 30 
22/M/24 126 OD 24.1(9) 21.5(4) 22.7(34) 27-18 41 19 NA 
OS 21.9(9) 21.3(4) 21.3(34) 24-19 38 16 
36/M/22 122 OD 23.3(4) 17.3(4) 19.8(33) 26-14 37 17 NA 
OS 23.8(4) 21.5(4) 22.0(33) 26-16 38 16 
3/F/57 122 OD 18.3(6) 22.2(5) 20.5(45) 25-15 52 32 46 
OS§  23.0(6) 26.2(5) 26.2(45) 36-17 55 3l 
4/F/62 124 OD§  20.5(16)  27.4(11) 26.6(104) 38-15 42 22 94 
OS 21.6(16)  25.6(11) 24.0(104) 34-17 37 18 
6/M/40 127 OD$  26.5(3) 25.8(4) 21.9(31) 28-18 48 27 35 
OS 26.0(3) 24.0(4) 20.3(31) 26-15 46 27 
10/F/50 121 OD§  23.3(4) 22.0(5) 22.7(48) 29-17 60 40 96 
OS 22.7(4) 20.6(5) 21.2(48) 27-17 53 32 
17/F/50 163 OD 27.0(3) 20.3(7) 20.2(41) 30-15 55 32 121 
OS§  27.0(3) 21.9(7) 21.6(41) 37-14 50 27 
19/F/73 124 OD 21.3(00) 22.2(5) 21.2(56) 29-17 35 17 100 
OS§ 24.1(10)  22.8(5) 23.4(56) 33-18 36 18 
35/M/60 187 OD$  29.0(3) 19.5(5) 19.0(46) 30-12 46 26 124 
OS 27.0(3) 19.6(5) 19.0(46) 31-15 29 








*Intraocular pressure 

TParentheses indicate number of measurements. 
INot available. 

$Eyes in which field defects developed. 


ma, and no ocular abnormalities except for for the detection of early field changes corticosteroid testing. 

refractive errors less than + 3 diopters. (Armaly-Drance method) through the All subjects were asked to return to the 
Subjects with known diabetes mellitus study." Static perimetry with a Friedmann Glaucoma Service at least every three to 
were not included in the study. The IOP visual field analyzer was adopted as a six months for follow-up examination. 


was measured with a Goldmann applana- routine examination in 1973. The cup-dise Examinations included tonometry, perime- 
tion tonometer mounted to a slitlamp. Ton- ratio was determined by comparing the try, funduscopy, gonioscopy, and tonogra- 
ography was taken with an electronic ton- horizontal diameter of the cup to that of phy. 

ometer coupled with a recorder. Visual the disc on ophthalmoscopic examination. A particular effort was made to get each 
field examination was done by means of Perimetry and funduscopy were repeated individual to understand that he or she 
quantitative kinetic and static perimetry ^ after the IOP and tonographie outflow might be more prone to development of 
with a Goldmann perimeter. Suprathresh- value returned to the value identical to that glaucoma and that the follow-up examina- 
old single-stimulus static perimetry also prior to steroid testing and failed to dem- tion is mandatory to detect the disease as 
was performed with a Goldmann perimeter onstrate any change attributable to the early as possible. 
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Table 3.—Findings in 17 Normotensives in Whom Ocular Hypertension Failed to Develop 


AC 
DL 










Mean Intraocular Steroid Testing A 
Pressure, mm Hg $ 
PM ENE eee E eee IOP at 4 3 
Case/Sex/ Age at Period of Through wk of Steroid : 
| Last Examination, Observation, Period of Range of Administration, Rise of $ 
, yr mo Eye First Year Last Year observation IOP, mm Hg mm Hg IOP, mm Hg | 
2/F/59 144 OD 17.0(3)* 18.0(2) 19.2(72) 27-15 69 52 E 
| 12/F/55 168 OD 19.5(9) 20.3(6) 19.4(77) 22-16 36 19 
OS 19.0(9) 20.2(6) 19.5(77) 23-16 39 18 4 
13/F/45 129 OD 15.7(12) 14.3(6) 14.8(86) 19-11 45 28 
OS 16.9(12) 13.2(6) 15.0(86) 20-11 48 33 
15/F/39 186 OD 21.3(4) 18.5(4) 18.7(47) 25-13 36 19 d 
OS 20.1(4) 17.5(4) 19.0(47) 26-15 37 18 z 
| 16/F/3 204 OD 19.7(4) 20.7(4) 18.8(108) 26-12 44 29 Es 
| OS 20.3(4) 21.0(4) 20.2(108) 25-14 42 26 
18/M/36 205 OD 11.5(11) 12.5(3) 12.2(76) 19-6 50 41 
OS 10.1(11) 11.0(3) 10.7(76) 17-6 45 36 
20/F/33 140 OD 20.7(9) 21.0(4) 19.9(38) 25-15 42 24 
OS 20.7(9) 21.7(4) 20.1(38) 25-14 41 23 
21/F/3B 210 OD 17.0(6) 18.0(4) 16.8(51) 22-12 47 31 
OS 18.2(6) 16.0(4) 17.8(51) 22-12 59 43 i 
23/F/44 133 OD 19.5(4) 17.7(4) 16.7(70) 22-11 43 28 
| OS 19.5(4) 16.7(4) 16.7(70) 21-10 45 27 
25/M/^4 125 OD 17.2(11) 18.0(4) 16.5(63) 22-11 35 17 
OS 19.7(11) 17.0(4) 17.8(63) 24-13 36 17 
27/M/^1 134 OD 21.0(5) 21.0(8) 21.3(43) 28-15 41 21 
OS 20.8(5) 19.8(8) 20.3(43) 26-15 45 26 J 
28/M/-3 139 OD 16.3(3) 13.5(3) 14.2(26) 17-10 36 19 
OS 14.0(3) 15.0(3) 14.2(26) 19-11 36 21 


29/F/38 OD 14.0(3) 17.3(4) 14.6(53) 


17.8(4) 15.8(53) 
30/M/30 156 OD 19.5(3) 15.5(3) 18.4(29) 26-14 41 23 
OS 19.5(3) 15.0(3) 18.4(29) 25-14 36 19 
31/M/26 OD 13.8(4) 13.0(3) 14.1(34) 17-10 
OS 11.5(4) 15.1(3) 15.0(34) 
33/F/53 138 OD 16.0(6) 16.5(8) 16.4(42) 22-14 40 24 
OS 17.8(6) 16.8(8) 17.0(42) 23-14 33 17 | 
34/M/533 OD 20.5(4) 18.2(6) 20.1(31) 24-15 

















OS 20.5(4) 19.3(6) 20.5(31) 


*Parenthese- indicate number of measurements. 


RESULTS lated relative defects (the depression one eye, and no apparent change in 

of threshold by 0.6 log unit or more)in the dise was noted in the remainder of 
During the period of observation, the area of Bjerrum or closer to the two eyes at the detection of the field | 
five subjects were lest from follow-up fixation were considered to be defi- defect. Although the average IOP dur- 
(three of the normotensive and two nitely pathological. These two pa- ing the period of follow-up failed to 
from the hypertensive groups), and 35 tients were given antiglaucoma medi- ^ exceed 21 mm Hg in all but one of the 
patients were followed up successfully ^ cation. In the originally hypertensive originally normotensive individuals, 
for at least ten years. The average group, glaucomatous field changes 17 patients had IOP greater than 21 
duration of follow-up of 35 steroid- ^ developed in seven among 13 patients mm Hg at least on one occasion, and in 
responsive subjects was 12.2 years. In to whom therapy was administered ^ nine patients the maximum IOP dur- 
the originally normotensive group, during the follow-up period (Table 2). ing the period of observation was 
sustained rise of IOP, defined as IOP The initial findings and the clinical greater than 25 mm Hg, indicating t 
of 22 mm Eg or greater at three or courses of all the patients who the wide fluctuation cf IOP in the | 
more conseeutive visits during the remained normotensive are summa- normotensive group during the long- 
period of observation (Table 1), devel- rized in Table 3. The visual field term period (Tables 1 and 3). In spite 
oped in five among 22 patients. In two defects in those nine cases (nine eyes) of this wide fluctuation, the mean IOP 
(cases 1 andi ft) of these five patients, ^ were an isolated paracentral scotoma of each year failed to differ from each 
early glaucomatous field changes with or without the nasal step of other in all subjects in whom a sus- 
were uncovered by the Friedmann Roenne. The generalized enlargement tained rise of IOP failed to develop. In 
visual field analyzer and/or quantita- ^ of the cup-disc ratio (by 0.2 or greater) all five patients in whom ocular hyper- | 
tive kinetic perimetry with a Gold- ^ was noted in six eyes when the field tension developed, the mean IOP of | 

mann perimeter and were confirmed defect was detected. The localized the latest year of observation without 

by static perimetry with a Tübinger enlargement of the cup toward the treatment was significantly higher 

or a Goldmann perimeter. Small iso- — superotemporal rim was shown in than that observed in the year of 
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*POAG indicates primary open angle glaucoma. 


Table 4.—Diagnostic Category at Enrollment Into the Study and 
at Latest Examination 


——$__$_$_$_$$$$_$_$_$_$_$_$$$ M MMMMMM7- 


Diagnostic Category Ocular 
at Enrollment Normotensive Hypertensive POAG* Total 





Diagnostic Category at 
Latest Examination 






Table 5.—Results of Long-term Studies of Normotensive Subjects 


Incidence of 
Ocular Hypertension 


———M 


Follow-up, yr 


o. % 
Linnér and Strömberg 25/639 3.9 5.0 > 60 
5.0 


Nørskov’? 12/222 
Kishida” 21/653 
Schwartz and Talusan'* 0/43 


Present study 5/22 
*Median. 


enrollment into the study in one or 
both eyes (P < .05, paired t test) (Ta- 
ble 1). The overall results of success- 
fully followed up cases are summa- 
rized in Table 4. 


COMMENT 


Our knowledge is surprisingly 
sparse of the fate of the corticoste- 
roid-responsive eyes that have normal 
ocular findings including IOP, outflow 
facility, optic disc, and visual fields. A 
series of studies on genetic determi- 
nations of corticosteroid responsive- 
ness of IOP led Becker and Hahn to 
propose the hypothesis that steroid 
responsiveness is transmitted as a 
monogenie dominant and that the 
homozygous responsive state repre- 
sents primary open angle glaucoma.’ 
Although the hypothesis has not been 
fully validated as yet, subsequent 
family and population studies pro- 
vided evidence indicating that the ste- 
roid responsiveness is genetically de- 
termined and that the genes deter- 
mining steroid responses and primary 
open angle glaucoma are significantly 
related.** The postulated monogenic 
inheritance of the corticosteroid re- 
sponse was later questioned by 
Schwartz et al on the basis of statis- 
tics derived from a twin study.'^" 
Francois et al advanced evidence 
against the recessive genetic models 
of Becker and Armaly.* Although the 
long-term prospective study was con- 
sidered mandatory to test the validity 
of the hypothesis, few studies have 
been conducted for this purpose." 

The present long-term study sug- 
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5.4 

3.2 12.0 

0 3.1* 
22. 10.0-13.0 


> 35 
> 40 
> 30 
42 


gests that the risk of ocular hyperten- 
sion developing is significantly higher 
in steroid-responsive normotensive 
subjects as compared with the nonre- 
sponsives. It was shown that ocular 
hypertension developed in approxi- 
mately one fourth of the steroid- 
responsive normotensive subjects dur- 
ing the observation period of ten to 13 
years. This is in a striking contrast to 
previous studies reporting the inci- 
dence of ocular hypertension to be 0% 
to 6% in the normotensive population 
(Table 5).?-* It should be noted that, 
in these population studies, the indi- 
vidual subject was not tested for the 
pressure response to topical cortico- 
steroid application, and the criteria 
for the enrollment into the study were 
quite variable. Nevertheless, the dif- 
ferenee in the incidence of ocular 
hypertension between the previous 
and the present studies is by far too 
large to be methodological. The con- 
trast becomes even more distinct 
when the ages of the subjects studied 
are taken into consideration. In the 
present study the subjects were kept 
under observation irrespective of age, 
and 15 of 22 subjects (68%) were 
younger than 40 years when they were 
enrolled. In the previous investiga- 
tions, only the subjects older than 30 
years were studied. Apparently, 
the higher incidence of ocular hyper- 
tension in the present group is not 
related to age and seems to indicate 
that steroid-responsive normotensive 
subjects carry the greater risk of ocu- 
lar hypertension developing a priori. 
Another striking fact uncovered by 


the present study is that even in 
normotensive subjects, IOP can be 
well in the statistically abnormal 
range when measured repeatedly for 
a number of years. It is noteworthy 
that, in the vast majority of subjects, 
the peak pressure during the observa- 
tion period was well above 25 mm Hg 
on a few occasions. In most subjects, 
however, the IOP returned and 
remained in the statistically normal 
range for the remainder of the obser- 
vation period. It should be pointed out 
that all the measurements of IOP 
were done at the Glaucoma Clinic, 
mostly by us, with a calibrated tonom- 
eter and that this rather unexpected 
temporary elevation cannet be mea- 
surement error. The presence of spon- 
taneous fluctuation of IOP is well 
recognized. The variation has not only 
a circadian but an ultradian (one cycle 
longer than 28 hours) rhythm. Recent- 
ly it was demonstrated that the mag- 
nitude of diurnal pressure variation 
often exceeds 7 mm Hg, and the peak 
pressure sometimes exceeds 20 mm 
Hg even in normotensive subjects if 
IOP is monitored meticulously.'* Also, 
the magnitude of seasonal variation 
can often be 4 to 5 mm Hz." Conse- 
quently, sporadic elevation of IOP 
observed in the present study may 
reflect the large spontaneous ultra- 
dian pressure variation that can be 
detected only by the frequently 
repeated measurements in years. 

It is now clear that in only a small 
percentage (0% to 9%) of subjects with 
ocular hypertension does primary 
open angle glaucoma develop over a 
four- to 14-year period." The 
strikingly high incidence (54%) of 
glaucomatous field defects in the 
present series of corticosteroid-re- 
sponsive ocular hypertensive patients 
deserves special consideration. It 
should be pointed out that all the 
subjects had no demonstrable field 
loss when IOP returned to the original 
level after the corticostereid testing 
and that they were kept untreated 
after that. There is evidence indicat- 
ing that the vulnerability of the optic 
nerve head is determined by the vari- 
ous systemic factors, including the 
level of blood pressure, blood glucose 
value, suppression of plasma cortisol 
level by dexamethasone, and family 
history of glaucoma.* During the 
period of observation none admitted 
the development of diabetes mellitus, 
cardiovascular disease, or hemody- 
namic crisis when questioned orally. 
Although the available data on possi- 
ble risk factors are unable to provide a 
plausible explanation for the high 
incidence of glaucomatous field de- 
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fects in the present series of cortico- 
steroid-responsive patients, the fact is 
in good agreement with the previous 
observation that all those ocular 
hypertensives in whom glaucomatous 
field defects developed were highly 
responsive to topically administered 
corticosteroids’? and there is strong 
indication that the corticosteroid-re- 
sponsive individual with elevated IOP 
should be fdllowed up closely. 
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Was Mozart Cross-eyed?—In 1978, the Swedish sculp- 
tor Torolf Engstrom bought an oil portrait at an 
auctior in Bern, Switzerland, for a few hundred 
franes. The catalogue described the portrait as fol- 
lows: "German School of the second half of the 18th 
century; portrait, profile of an unknown young man 
with wig, white shirt with ruffles and brown coat; no 
signature." 

Engstrom bought a picture of an unknown man by 
an unkrown painter. However, Engstrom is a Mozart 
enthusiast and scholar. Since his youth he has been 
trying to track down Mozart's death mask, which 
disappeared so mysteriously. When he saw the paint- 
ing, he apparently recognized it as a portrait of the 
composer. 

But E it really Mozart? The evidence is indirect, 
and the official Mozart Society remains skeptical. 
The identification is difficult. The iconography of 
Mozart is a complicated and capricious science. There 
are secres of unauthenticated spurious portraits. 
However, there are only 12 authentic pictures of the 
composer—eight that give us an approximate picture 
of his appearance and four that show the composer as 
an aduE with both eyes (the others are pictures of 
Mozart as a child or are profiles). The four portraits 
of Mozart as an adult do not show the same face. 
Could tais be the missing portrait to which Mozart 
refers ia a letter written April 3, 1783, in Vienna to 


Arch Ophthalmol—Vol 99, May 1981 


his father in Salzburg, Austria? 

One thing is certain. The young man in the picture 
has a left esotropia of about 16 diopters. At the age of 
11 years, Mozart had the “pocks,” which may easily 
have triggered the heterotropia. Why does no other 
portrait of Mozart show this esotropia? Well, in 1799, 
his wife Constanze claimed that he was never happy 
when he was seen or painted en face. Early biogra- 
phies called his eyes “full of fire," but nobody 
commented about a squint. 

Many modern scientific methods have been used to 
identify this picture as a portrait of Mozart. There is 
undoubtedly a certain resemblance, although most 
people had thought that Mozart had blue eyes where- 
as the eyes in the portrait are brown. The method of 
"superimposition" compares the facial measure- 
ments of Mozart's mother with that of the portrait. 
The measurements are nearly identical. 

Who was the artist? Art historians have three 
suspects. But the search goes on. Maybe one day we 
shall really know whether Mozart had an esotropia or 
not.'- 


FREDERICK C. BLopI, MD 


1. Deutsch OE: Mozart and His World. New York, Barenreiter, 
1961. 

2. Herbort HJ: Hatte Mozart einen Silberblick? Die Zeit, Feb 20, 
1981. 
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Episcleral Venous Pressure 


Differences Between Normal, Ocular Hypertensive, 


and Primary Open Angle Glaucomas 


Eduardo D. Talusan, MD, Bernard Schwartz, MD, PhD 


€ The pressures of the episcleral veins 
of 20 normal patients, 29 patients with 
ocular hypertension, and 22 patients with 
treated primary open angle glaucoma 
were measured by an air pressure cham- 
ber device mounted on a slitlamp. The 
episcleral venous pressures (EVPs) of the 
patients with ocular hypertension were 
found to be significantly lower than those 
of the patients with glaucoma and the 
normal patients. The EVP was also found 
to be significantly negatively correlated 
with the ocular pressure (OP), so that the 
EVP decreases as the OP increases. A 
logarithmic model of the form 
EVP = 19.41 — 3.65 1n OP was found to 
best fit the data. 

(Arch Ophthalmol 1981;99:824-828) 


Popiscleral venous pressure (EVP) 
has been measured using differ- 
ent methods: pressure chamber de- 
vice," torsion balance," a modified 
force-displacement transducer,? air 
jet,'* and direct cannulation in experi- 
mental animals.’ The EVPs in normal 
eyes and in eyes with open angle 
glaucoma have not been shown to be 
significantly different." Kupfer” re- 
ported that ocular hypertensive eyes 
have a slightly lower EVP than 
normal eyes. However, his groups 
were too small for a statistical com- 
parison. It is the purpose of this report 
to determine the frequency distribu- 
tions of the EVP in a larger sample of 
normal eyes, ocular hypertensive eyes, 
and eyes with open angle glaucoma. 


MATERIALS AND METHODS 


The EVP was measured with an instru- 
ment modified from Brubaker' and Podos 
et al (Fig 1)" This consisted of an air 
pressure chamber on the tip of which is a 
disposable, thin, transparent latex mem- 
brane held with an O-ring. This membrane 
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can withstand a pressure of 35 mm Hg 
without undue ballooning and is changed 
for each patient. The pressure chamber, 
mounted on a slitlamp, is connected with 
flexible rubber tubing to a strain gauge 
transducer connected to a control unit. 

The output of the control unit is con- 
nected to an amplifier strip chart recorder 
with a remote foot pedal for the end point 
marking. Before each use, the recorder is 
calibrated against a mercury manometer 
connected at all times to the system. 

The technique of EVP measurement is 
as follows: The subject is seated before the 
slitlamp, the magnification of which is set 
at x25. The eye is topically anesthetized 
with 0.5% proparacaine hydrocholoride, 
and the tip of the pressure chamber is 
applied as perpendicular as possible to, and 
just touching, the vessel. With the recorder 
turned on and the vessel visualized with 
the slitlamp through the membrane, the 
pressure is gradually increased with the 
insufflation bulb until the vein totally col- 
lapses. At this point, the remote foot pedal 
for the marker is activated. Care is 
observed that no movement of the slitlamp 
joystick occurs during the measurements, 
so as not to press or release pressure on the 
vessel. | 

The episcleral vessels can easily be dif- 
ferentiated from the conjunctival vessels 
by the relative mobility of the latter when 
they are in touch with the tip of the 
pressure chamber. The episcleral veins are 
differentiated from the anterior ciliary 
arteries by the narrower caliber, straighter 
course, and slightly darker color of the 
veins. Using fluorescein angiography, we 
have reported the differentiation of the 
anterior ciliary arteries from the episcleral 
veins." 

Measurements were made on episcleral 
veins in the nasal, temporal, and inferior 
quadrants on either each eye or different 
eyes. More vessels were measured in the 
temporal quadrant since in most subjects 
the nose prevented measurements on the 
nasal side. The inferior vessels were not 
frequently measured because of the diffi- 
culty encountered by the subjects in fixat- 
ing superiorly and their tendeney to move 
away from the forehead bar of the slitlamp 
during superior fixation. The measure- 
ment for each vein was repeated for a 
minimum of eight consecutive times, and 
the average was taken as the EVP. For a 
number of eyes, two episcleral veins were 
measured in each nasal, temporal, or inferi- 
or area. Directly after the measurement of 


EVP, the ocular pressure was measured by 
the Goldmann applanation tonometer All 
the measurements were done by one 
observer (E.D.T.). Of the total number of 
71 subjects, 61% (43 subjects) had their 
measurements done during the morning 
hours and 39% (28 subjects) had their mea- 
surements done during the afterroon. 
There were no significant differences in 
the frequency distributions of times of day 
for the measurements among the three 
diagnostic groups. 

The EVP was measured in normal 
patients, patients with primary open angle 
glaucoma, and patients with ocular hyper- 
tension seen at the outpatient facilities of 
the Department of Ophthalmology, Tufts- 
New England Medical Center, Boston. Bra- 
chial blood pressure (BP) was measured in 
the standard fashion by a BP cuff, mercury 
sphygmomanometer, and stethoscope. 
Blood pressure was taken in the right arm 
with the patient sitting, before the EVP 
measurements. 

Normal subjects were those with intraoc- 
ular pressures of less than 21 mm Fg as 
measured with the Goldmann applanation 
tonometer on two or more independent 
examinations and with normal optic discs. 
Twelve of the 20 normal subjects had visual 
field determinations both by static and 
kinetic methods with the Goldmann perim- 
eter and showed normal visual fields. The 
term “ocular hypertensive” was applied to 
a patient with an intraocular pressure of 21 
mm Hg or greater on at least two indepen- 
dent examinations and normal visual fields 
with or without optic disc changes character- 
istic of glaucoma. A patient with primary 
open angle glaucoma had intraocular pres- 
sures equal toorgreaterthan21mm Hg, with 
typical glaucomatous disc and visual “elds. 
None of the normal patients or patients with 
ocular hypertension received ocular medica- 
tions. All of the patients with glaucoma 
received a variety of antiglaucoma medica- 
tions consisting of various concentrations of 
mioties and/or epinephrine preparations or 
in combination with a carbonic anhydrase 
inhibitor. All subjects who had unusually 
prominent episcleral veins were excluced. 

For statistical analysis, the Wilcoxon 
matched-pairs signed-ranks test was used 
for the comparison of episcleral ve-ns in 
each of the temporal, nasal, and inferior 
episcleral quadrants, as well as bezween 
quadrants. The Mann-Whitney U test was 
used for the comparison of pressures of 
normal patients, patients with glaucoma, 
and patients with ocular hypertension.'* 
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Table 1.—Distribution of Episcleral Veins for Measurement of Pressure 
Ocular Total 





Both regression analysis using an analysis 
of varianee" and Spearman correlation 
methods were used to define the relation- 
ship between intraocular pressures and the 
EVP. Only two-tailed tests were used. For 
Spearman: correlations, a P value of less 
than .01 was chosen as significant, whereas 
for other analyses a P value of less than .05 
was selected. 

The ceefficient of variation (SD/ 
mean X % for the reproducibility of the 
measurements was determined for each set 
of measurements for each vein. The coeffi- 
cients of variation (mean +1 SD) for all 
the veins in each diagnostic group were 
15.7% + 4.8% for the normal patients, 
12.7% + 3.6% for the patients with ocular 
hypertension, and 14.1% + 3.6% for the 
patients with primary open angle glauco- 
ma. The overall coefficient of variation of 
the EVP for the total population was 
13.5%. 


RESULTS 


The distribution of the measured 
episcleral veins is given in Table 1. 
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Table 2.—Percentiles for Ocular Pressure (OP) and 
Episcleral Venous Pressure (EVP) 
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30th 15.3 6.6 8.0 — 16.3 7.4 8.1 7.4 
50th 17.8 8.4 9.2 10.8 17.5 8.4 8.8 8.9 
70th 19.7 10.2 10.3 hs 19.5 9.6 9.8 9.4 
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Quadrant Diagnosis, No., 
OD 
Temporal Normal 18 
Temporal POAG 21 
Nasal Normal 13 
Nasal POAG 19 
OS 
Temporal Normal 19 
Temporal POAG 22 
Temporal Normal 19 
Nasal Normal 17 
Nasal POAG 22 









Table 3.—Statistical Comparison of Episcleral Venous Pressure Among Normal Ocular Hypertensive and 


Primary Open Angle Glaucoma Eyes* 





Median EVP,, Median EVP., Mann-Whitney 
mm Hg Diagnosis. No.. mm Hg U Test P 
9.10 OH 29 7.28 143 < .01 
8.40 OH 29 7.28 143 < .001 
11.15 OH 27 7.40 81 < .006 
9.20 OH 27 7.40 126 < .003 
10.80 OH 26 7.58 62 < .0001 
8.37 OH 26 7.58 190 xd 
10.80 POAG 22 8.37 104 e 
10.90 OH 22 7.70 81 um 
8.75 OH 22 7.70 (A 







ES 5 














*EVP indicates episcleral venous pressure; OH, ocular hypertensive; and POAG, primary open angle glaucoma. 


The number of veins measured in the 
inferior quadrant was smaller than 
in the other quadrants. A total of 71 
patients was studied. The characteris- 
ties of the patient population were as 
follows: There were 20 normal pa- 
tients, 13 males and seven females; 22 
patients with open angle glaucoma, 15 
males and seven females; and 29 
patients with ocular hypertension, 13 
males and 16 females. Of the normal 
patients, 18 were white, one was black, 
and one was Oriental; in the glaucoma 
group, there were 21 whites and one 
black; and of the patients with ocular 
hypertension, 27 were white and two 
were black. One normal patient was in 
the age group of 30 to 49 years; 11 
were aged 50 to 69 years; and eight 
were 70 years or older. Among the 
patients with glaucoma, one was aged 
30 to 49 years; 14 were 50 to 69 years; 
and seven were 70 years or older. Of 
the patients with ocular hypertension, 
seven were between 30 and 49 years of 
age; 16 were aged 50 to 69 years; and 
six were 70 years or older. The age, 
systolic and diastolic BPs, sex, and 
racial distributions were found to be 
not significantly different among the 
three diagnostic groups. 

Two vessels were measured in the 
nasal quadrant in 17 eyes and in the 
temporal quadrant in 28 eyes (Table 
1). For each quadrant where two epi- 
scleral veins were measured, no sig- 
nificant difference was found in pres- 
sure between the veins when the Wil- 
coxon  matched-pairs signed-ranks 
test was used. Therefore, an average 
pressure was used. The median differ- 
ence of pressure between pairs of 
veins for all nasal and temporal qua- 
drants was 0.16 mm Hg. The sample 
size for the number of pairs of veins 
for each quadrant was not large 
enough to compare diagnostic 
groups. 

Using an average pressure for an 
episcleral vein in each quadrant (Ta- 
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Fig 3.—Spearman correlation of episcleral venous pressure measurements for all three 


diagnostic groups combined. 


Table 4.—Correlations and Equations for Episcleral Venous Pressure 
(EVP) vs Ocular Pressure (OP) 


Spearman correlations, fs 
Temporal EVP 
OD 


OS 


Nasal EVP 
OD 


OS 


Logarithmic model 
Temporal EVP 
OD 


OS 


Nasal EVP 
OD 


OS 





ble 2) within each diagnostic group, 
the pressures of the temporal, nasal, 
and inferior veins were not found to 
be significantly different from each 
other for each eye. However, the sam- 
ple size of the inferior veins was small 


Linear 
Regression Equation 


EVP = 11.82 — 0.178 (OP) 
EVP = 12.34 — 0.179 (OP) 
EVP = 12.26 — 0.187 (OP) 


EVP = 12.14 — 0.163 (OP) 


= 18.74 — 3.54 1n OP 
= 19.77 — 3.72 1n OP 


= 19.59 — 3.73 1n OP 
= 19.71 — 3.56 1n OP 


in each diagnostic group. The values 
of the EVP obtained in each quadrant 
of the right eye were also not found to 
be significantly different from that 
obtained in a similar quadrant of the 
left eye for each diagnostie group. 
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Fig 4.—Logaritnmic model for relation between episcleral venous pressure (EVP) and 
ocular pressure (OP). Solid line represents actual data. Dotted line represents extrapo- 


lated values. 


The median EVP of the normal 
patients was greater than that of the 
patients with ocular hypertension and 
the patients with glaucoma, with the 
patients with ocular hypertension 
showing the lowest median values. 
Significant differences were obtained 
between the diagnostic groups (Table 
3 and Fig 2). which appeared to be 
related to the level of ocular pressure 
taken at the time of the venous pres- 
sure measurement, No comparisons 
were made with the inferior veins 
since the sample sizes were too 
small. 

There was a significantly negative 
correlation between the EVPs and the 
intraocular pressures for the nasal 
and temporal vessels for all diagnostic 
groups (Table 4 and Fig 3). The equa- 
tions for the regression lines, assum- 
ing a linear reiationship between EVP 
and ocular pressure, are also given in 
Table 4. On the average for each milli- 
meter of mercury increase of ocular 
pressure, the EVP decreased 0.2 mm 
Hg in the range measured, that is, up 
to 34 mm Hg ocular pressure. 

Besides the linear model, other 
models, such æ an exponential decay, 
a quadratic, and a logarithmic one, 
were tried to ait the data. The best fit 
was obtained by a logarithmic model 
(Table 4). Among the logarithmic 
models for the temporal and nasal 
vessels for the right and left eye, no 
significant differences in slopes were 
found. Therefere, the equation for one 
combined model using mean values 
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was determined as follows (Fig 4): 
EVP = 19.41 — 3.65 1n OP; where OP 
indicates ocular pressure. Using this 
model, an increase in ocular pressure 
from 20 to 40 mm Hg results in a drop 
in EVP from 8.5 to 6.0 mm Hg. 

No significant correlations were 
obtained for EVP and BPs of the 
normal patients, patients with glauco- 
ma, and patients with ocular hyper- 
tension. However, there were signifi- 
cant correlations with age for the 
normal group for temporal EVP OD 
(r, = 4.6032; P< .008) and for the 
group with ocular hypertension for 
temporal EVP OS (r, = —.5058; 
P< .008). No significant differences 
were found between the normal 
patients, patients with ocular hyper- 
tension, and patients with open angle 
glaucoma for systemic medical histo- 
ry, particularly cardiovascular dis- 
ease. 


COMMENT 


The instruments that we have used 
to measure EVP are similar to those 
of Brubaker’ (an air pressure chamber 
and an air insufflation bulb) and 
Podos et al (a transducer, amplifier 
recorder, and a remote foot pedal for 
the end point marking). The remote 
foot pedal made the lag in the end 
point marking minimal. 

Our values for normal patients for 
EVP agree closely with data from a 
recent study by Phelps and Armaly" 
in which a similar method for mea- 
surement was used. They found a 
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mean of 9.0 mm Hg, wi:h a SD of 1.6 
mm Hg. In addition, they have 
reviewed the literature on normal val- 
ues. The EVPs observed in normal 
patients and patients with glaucoma 
by other investigators are as follows 
(mean + SD): Lóhlein and Weigelin,’ 
9.7 + 2.2 and 8.0 + 1.2 mm Hg; Rick- 
enbach and Werner, 11.4 + 1.5 and 
93+ L8 mm Hg; Linnér, 
11.57 + 1.17 and 12.55 + 1.71 mm Hg; 
Leith,’ 10.5 and 11.0 mm Hg; and 
Podos et al, 9.0 + 1.4 and 8.6 + 1.4 
mm Hg. 

Linnér, Leith,* and Podos et al” did 
not find a significant difference of 
EVPs between normal and glaucoma- 
tous eyes. However, Löhlein and Wei- 
gelin and Rickenbach and Werner" 
observed a lower mean EVP in glauco- 
matous than normal eyes. Similarly, 
Goldmann" noted a lower pressure in 
aqueous humor veins in glaucomatous 
eyes (7.6 + 1.1 mm Hg) than normal 
eyes (9.7 + 2.2 mm Hg). Many of the 
glaucomatous patients were being 
treated for glaucoma at the time of 
measurement of EVP and accordingly 
ocular pressures varied greatly among 
eyes in the different studies. 

To our knowledge, the signifieantly 
lower EVPs in patients with ocular 
hypertension compared with both the 
normal and the glaucoma groups have 
not been reported previously. The low- 
er EVP in patients with ocular hyper- 
tension compared with normal pa- 
tients was shown by the data of Kupf- 
er in his study on pseudcfacility.'" He 
described a group of seven patients 
with ocular hypertension with a mean 
intraocular pressure of 25.7 mm Hg 
and a mean EVP of 7.7 mm Hg. The 
group of nine normal subjects with a 
mean intraocular pressure of 16.5 mm 
Hg had a mean EVP of 3.4 mm Hg. 

Weigelin and Lóhlein * reported a 
positive correlation (+.594) between 
EVP and ocular pressure in 172 sub- 
jects. The ocular pressure range was 
from 7 to 24 mm Hg. The ecular 
pressure was measured with a Sehiótz 
tonometer that was calibrated to read 
lower than the American standard 
measurements. Reanalysis of their 
data indicates that the Spearman cor- 
relation is 4.481 with a significant 
level for a two-tailed test of P — .001. 
The analysis of our data, in contrast, 
indicates a significant negative eorre- 
lation of EVP with ocular pressure. 
The range of measured ocular pres- 
sures in the two studies is not exactly 


comparable. The differenee in correla- 


tions cannot be explained 

The basis for the lower 
patients with ocular 
compared with the nof 











ro Wm. 


Cer 7 


and the patients with glaucoma is not 
clear. The systemic medical history of 
the patients with ocular hypertension 
was not significantly different from 
the normal patients and the patients 
with glaucoma to account for the dif- 
ference in the EVP. 

Other local ocular factors that could 
influence the result of measurement 
of the venous pressure were consid- 
ered. The effect of size of the veins on 
the pressure values was avoided by 
choosing approximately the same size 
of veins for measurements. Since the 
pressure in the vein may be lower in 
its distal than in its proximal seg- 
ment, the measurement was done as 
close as possible to the junction of an 
aqueous vein to the episcleral vein. If 
no aqueous vein was found, the mea- 
surement was done at approximately 
the same distance from the limbus. It 
is possible that other factors, such as 
differences in conjunctival tissue or 
compressibility of the episcleral veins, 
could be playing a role. 

The main difference that we found 
between the three groups was the 
level of intraocular pressure at the 
time of EVP measurement and this 
was significantly negatively corre- 
lated with the EVP. An effect on EVP 
could be mediated by the collapse of 
the relatively flexible trabecular 
meshwork against an unyielding out- 
er scleral wall of Schlemm’s canal with 


increasing ocular pressure," contrib- . 


uting to a decrease in aqueous out- 
flow. Others have also postulated that 
with increasing intraocular pressure, 


1. Seidel E: Weiter experimentelle Untersu- 
chungen über die Quelle und den Verlauf der 
intraokularen Saftstrohmung: XX. Uber die Mes- 
sung des Blutdruckes in dem episcleralen Venen- 
gerflecht, den vorderen Ciliar-und den Wirbel- 
venen normaler Augen-(Messungen am Tier— 
und Menschenauge). Albrecht Von Graefe Arch 
Klin Exp Ophthalmol 1923;112:252-259. 

2. Thomassen T: The venous tension in eyes 
suffering from simple glaucoma. Acta Ophthal- 
mol 1947;25:221-241. h 

3. Lóhlein H, Weigelin E: Uber den Abfluss 
des Kammerwassers am normalen und glaukom- 
kranken Auge. Dtsch Ophthalmol | Geselsch 
1949;55:170-174. 

4. Linnér E, Rickenbach C, Werner H: Com- 
parative measurements in the aqueous veins and 
the conjunctival veins using different methods. 
Acta Ophthalmol 1950;28:469-478. 

5. Linnér E: The outflow pressure in normal 
and glaucomatous eyes. Acta Ophthalmol 
1955;33:101-116. 

6. Leith AB: Episcleral venous pressure in 
tonography. Br J Ophthalmol 1963;47:271-278. 

7. Brubaker RE: Determination of episcleral 
venous pressure in the eye: A comparison of three 
methods. Arch Ophthalmol 1967;77:110-114. 

8. Kupfer C, Sanderson P: Determination of 
pseudofacility in man. Arch Ophthalmol 
1968;80:194-196. 

9. Stepanik J: Neues Verfahren zur Bestim- 
mung des extraokularen Venendruckes. Albrecht 
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the intrascleral venous™ and aqueous 
channels” are compressed, resulting 
in a decrease in aqueous outflow. Both 
of these phenomena could lead to a 
decrease in pressure in the aqueous 
vein and the episcleral vein. It is of 
interest to note that Bárány^ has 
found that in monkeys elevation of 
extrabulbar venous pressure produces 
an increase in outflow facility. This 
supports the concept that collapse of 
the canal of Schlemm with increased 
ocular pressure may decrease outflow 
facility and EVP. 

Another difference to be considered 
between the three groups is the effect 
of the medications for treating glau- 
coma. Perhaps miotics by decreasing 
outflow resistance allow the ocular 
pressure to have more of an influence 
on the EVP. The other medications 
could affect the critical closing pres- 
sure of the episcleral veins. However, 
the effect of drugs does not explain 
the differences observed between 
nontreated ocular hypertensive and 
normal eyes. 

The appropriateness of the logarith- 
mic model is limited by the few points 
of data at the upper end of the ocular 
pressure range, with the highest read- 
ing being 34 mm Hg. The model 
should be further tested by measuring 
ocular pressure and EVP at higher 
ocular pressure particularly in the 30 
to 60 mm Hg range. With such infor- 
mation, the fit of the model could be 
determined again or modified. 

We found no evidence for regional 
differences of EVP within the quad- 
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rant of an eye or between eyes. How- 
ever, our measurements were limited 
in the inferior quadrant and were not 
made in the superior quadrant. A cor- 
relation of the EVP to the type of 
combination and concentration of an- 
tiglaucoma medication was evaluated; 
however, the data were too few to 
make this comparison valid. 

Our data showed a significant posi- 
tive correlation of EVP with age for 
the normal group. Gaasterland et al** 
found no significant difference when 
they compared the frequency distribu- 
tion of EVP of young and old volun- 
teers. However, they did not do any 
correlation analysis. 

Changes in EVP with ocular pres- 
sure would have an effect on the calcu- 
lation of tonographic facility of out- 
flow? and other tests of aqueous 
humor dynamies in which outflow 
pressures are calculated.’ It has been 
assumed that the EVP remains con- 
stant or increases slightly during ton- 
ography.*^* 
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Acquired Color Vision Changes in Glaucoma 
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Use of 100-Hue Test and Pickford Anomaloscope 
as Predictors of Glaucomatous Field Change 


Stephen M. Drance, FRCS(C); Romuald Lakowski, PhD; Michael Schulzer, MD; Gordon R. Douglas, MD 


€ A five-year follow-up of eyes with ele- 
vated intraocular pressures, but without 
field defects. in which the color vision had 
been assessed by the 100-Hue test and an 
anomaloscose was carried out. Field 
defects deve:oped in eight of 42 eyes with 
a low 100-Hue score, whereas field 
defects deve oped in ten of 13 eyes with a 
high abnormality im the 100-Hue test 
score. In the case of the anomaloscope 
(Pickford Nicholson) scores, field defects 
developed in four of five eyes with poor 
yellow-blue scores, whereas similar field 
defects developed in only nine of 40 eyes 
with a normal yellow-blue score. With 
regard to biwe-green scores, field defects 
developed ia six of 11 eyes with a poor 
blue-green score, whereas field defects 
developed ir only seven of 40 eyes with a 
normal blue-green score. These differ- 
ences are statistically significant, and the 
probabilities of an abnormal color vision 
that results in subsequent field defects 
have been worked out. The red-green 
scores were not predictive. 

(Arch Ophthalmol 1981;99:829-831) 


(Chronic spen angle glaucoma is a 

disease in which the optic nerve 
undergoes a characteristic change 
that results in nerve fiber bundle dis- 
turbances in the visual field that are 
associated with various degrees of ele- 
vations in ntraocular pressure. In the 
vast majority of patients with glauco- 
ma, the appearances of the optic nerve 
head and tae involvement of the visual 
field are closely associated, but in 
some patients, there are changes in 
the optic nerve that are not accompa- 
nied by detectable nerve fiber bundle 
defects. In other patients, nerve fiber 
bundle disturbances occur without 
reliably detectable changes in the 
optic nerve, When a lack of association 
occurs, other causes for nerve fiber 
bundle defects always have been 
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sought. To find an earlier stage of 
disturbance of visual function in glau- 
coma, a number of modalities other 
than the increment threshold, which is 
used in plotting the visual field, 
recently have been studied. Contrast 
sensitivity! and receptive field-like 
functions have been reported to be 
abnormal in patients whose symptoms 
are suggestive of glaucoma, but, to 
our knowledge, there has not been a 
follow-up of patients to show that 
nerve fiber bundle defects ultimately 
develop. A localized increased scatter’ 
of the perimetric increment threshold 
has been shown to precede nerve fiber 
bundle defects. Color vision distur- 
banees in the different types of glau- 
coma have been described since 1883,'- 
'5 and a number of investigators found 
that the yellow-blue matching equa- 
tion was disturbed in glaucoma, while 
other investigators suggested that the 
red-green disturbances were charac- 
teristic of the disease (Table 1). Many 
of these studies were done before the 
differentiation between angle closure 
glaucoma and chronic open angle 
glaucoma, and the age variable was 
not taken into account; therefore, it is 
diffieult to sort out the conflicting 
reports. In a previous study,' two of us 
(R.L. and S.M.D.) used the 100-Hue 
test and an anomaloscope (Pickford 
Nicholson) in a large population of 
patients with varying degrees of glau- 
coma damage and patients with ele- 
vated IOP whose symptoms were sug- 
gestive of glaucoma; this study 
showed that patients with elevations 
in IOP showed poorer color discrimi- 
nation than normal persons of the 








Red-Green 
Koellner, 1929 
Engelking, 1925 
Speciale-Picciche, 1927 


DuBois-Poulsen 
anu Magis, 1960 


Table 1.—Review of Literature of Color Disturbances* 


Disturbance 


same age. Those patients who re- 
ceived — pilocarpine hydrochloride 
showed a poorer color discrimination 
compared with patients with un- 
treated eyes. In the patients with 
chronic open angle glaucoma, the dis- 
turbance in color vision corresponded 
to the amount of visual field loss." 
This study further demonstrated that 
with an anomaloscope (Pickford Ni- 
cholson) the losses seemed to be more 
severe in the yellow-blue and blue- 
green color equations and were severe 
enough to amount to tritan or tetar- 
tan color defects." 

It is the purpose of the present 
study to describe the follow-up of 
patients with elevated IOP whose con- 
ditions had previously been assessed 
from the color vision point of view to 
see whether the color vision distur- 
banees predicted their subsequent 
course. 


METHOD 


Forty-seven patients with elevated IOPs 
who had their color scores examined more 
than five years before and in whom visual 
field defects did not develop during that 
period were studied. Field defeets devel- 
oped in 22 other patients (24 eyes) during 
the course of the five-year follow-up. One 
randomly selected eye of each of the 47 
patients who were followed up for more 
than five years and one eye of the 22 
patients in whom open angle glaucoma 
developed were used to calculate the inci- 
dence of glaucoma in the group with 
normal color discrimination and the group 
with poor color discrimination, as mea- 
sured by the 100-Hue test. Forty-five eyes 
with elevations of IOP and 20 of the glau- 
comatous eyes also had anomaloscopic 
(Pickford Nicholson) assessment at that 







Yellow-Blue 
Bull, 1883 

Francois and Verriest, 1959 
Ourgaud and Etienne, 1961 
Ayers, 1967 










*Source and year are given for each color disturbance. 
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Table 2.—100-Hue Scores of Patients in Whom Glaucomatous Field Defects 
Developed and Ocular Hypertensive Patients* 





100-Hue Score 


——————————————"————72 


0-100 101-200 201 Total 


No field defects 34 10 3 47 
Field defects 8 4 10 22 
Total 42 14 13 69 


*Patients were followed up for five years. Differences in scores were statistically significant 
(P < .001; x? = 15.43). 
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Fig 1.—Frequency histogram showing 100-Hue test scores in patients in whom field 
defects did not develop during five-year follow-up. Scores of patients in whom field 
defects developed are also shown. Closed circles indicate patients in whom glaucoma 
developed. 


Table 3.—Anomaloscopic Scores of Patients in 
Whom Glaucomatous Field Defects Developed* 





Yellow-Blue Score Blue-Green Score 


——————————— ÁO ———————7(* 


0-40 41-80 B1 0-40 41-80 81 
No field defect 31 13 1 33 Z 5 


Field defect developed 9 7 4 7 7 6 
Total 40 20 5 40 14 11 


*Patients were followed up for five years. Differences were statistically significant for yellow-blue 
scores (P < .05; x? = 7.134) and for blue-green scores (P < .025; x? = 8.666). 


a No Field Defects 
= Defects Developed 


No. of Patients 
No. of Patients 
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time and were similarly studied. The x? 
test was used to compare the incidence of 
visual field loss in the various groups of 
color disturbance. Cox's method of logistic 
linear regression"* of the color scores on the 
logarithm of the odds of the development 
of a field defect was used. All patients had 
repeated examinations, including visual 
acuity, IOP, examination of the optic nerve 
head, and detailed visual field studies. 


RESULTS 
100-Hue Test 


The scores of the 100-Hue test were 
arbitrarily divided into the following 
three groups: 0 to 100, 101 to 200, and 
greater than 201. Of those patients 
with 100-Hue test scores of 100 or less, 
visual field defects developed in only 
19% (8/42) during a five-year period, 
whereas of those patients with scores 
greater than 200, a field defect devel- 
oped in 77% (10/13) during the five- 
year follow-up. These differences 
were statistically significant 
(P< .001) (Table 2). The frequency 
distribution of the color vision scores 
of the entire group of patients whose 
symptoms were suggestive of glauco- 
ma and who were followed up for 
more than five years and those 
patients in whom field defects devel- 
oped is shown in Fig 1. 

When using Cox's method of logis- 
tic linear regression,’ the logarithm of 
the odds of visual field defeets devel- 
oping (A), utilizing the information 
from the 100-Hue test, is equal to 
—1.19 + 0.005 (x — 133.53), where x 
represents the individual’s score on 
the test. The slope is significantly 
different from 0 (P — .0062). The prob- 
ability (P ) that visual field defects will 
develop in a patient can be calculated 
from the following equation: 


P^ = eM] + eò 
Anomaloscope 
The incidence of visual field defects 


8 No Field Defects 
Defects Developed 


60 70 80 90 100 110 120 


Yellow-Blue Anomaloscope Score Blue-Green Anomaloscope Score 


Fig 2.—Frequency histogram of yellow-blue scores in just notice- 
able discrimination steps of patients who showed no field defects 
during five-year follow-up and patients in whom field defects 
developed, for comparison. 


Fig 3.—Frequency histogram of blue-green scores in just notice- 
able discrimination steps of patients who showed no field defects 
during five-year follow-up and patients in whom field defects 
developed, for comparison. 
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Table 4.—Logistic Linear Regression of 
Logarithm Probability Against Color Vision* 


Test Regression 

A = —1.19 + 0.005 (x — 133.53) 
A = —1.22 — 0.024 (x — 9.02) 

A = —1.22 + 0.019 (x — 39.36) 

A = —1.22 + 0.013 (x — 42.38) 


100-Hue 
Red-green 
Yellow-blue 
Blue-green 


*Cox's logistic linear regression was used." 
TCoefficient of x. 


was not related to the red-green dis- 
crimination on the anomaloscope. The 
yellow-blue and green-blue scores on 
the anomalcscope were arbitrarily 
divided into seores of 0 to 40, 41 to 80, 
and greater than $1 just noticeable 
discrimination steps. For the yellow- 
blue equation, the :ncidence of subse- 
quent visual field defects in patients 
with scores of 40 or less was 23%, 
whereas the incidence in those pa- 
tients with scores ef 80 or more was 
80%. For the blue-green equation, the 
incidenee in those patients with scores 
of 40 or less was 18%, whereas those 
patients with scores greater than 80 
was 55%. These ditferences were sta- 
tistically significant with a probabili- 
ty for the yellow-blue scores ( P< .05) 
and for the green-blue scores 
(P<. 025) (Table 3). The frequency 
distribution of these scores and the 
seores of those patients in whom 
visual field defects subsequently de- 
veloped are shown in Fig 2 and 3. 

With the use af Cox's method of 
logistic linear regression, the loga- 
rithm of the odds of a visual field 
defect developing for the red-green 
equation was —1.22 — 0.024 (x — 9.02), 
where x is the :ndividual's score on 
this test. This slope is not statistically 
different from € (P < .47). For the 
yellow-blue equation, the logarithm of 
the odds was -—1.22 + 0.019 (x— 
39.36). This slope was significantly 
different from © (P< .0034). For 
green-blue equation, the logarithm of 
the odds was —1.22 + 0.013 (x— 
42.38), anc the s:ope was significantly 
different from 0 (P< .0150) (Ta- 
ble 4). 


COMMENT 


The present study shows that after 
a long period of follow-up of patients 
whose symptoms were suggestive of 
glaucoma and whose visual fields were 
perfectly normal at the time when 
their color vision was tested, those 
patients vho had more severe distur- 
bances in color vision, both by the 
100-Hue test and the anomaloscopic 
assessmert, had a significantly higher 
incidence of subsequent visual field 
disturbances. These differences were 
severe, and by using Cox's method of 
logistic linear regression, one can 
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actually work out the probability of 
the development of a visual field 
defect from the color vision scores. It 
would seem that disturbances of color 
vision can precede nerve fiber bundle 
damage, and this may, in fact, denote 
an earlier change in visual function 
than the increment threshold, which is 
measured when the visual field is 
examined. The implications are im- 
portant, because these other visual 
functions might be used in a predic- 
tive way before the visual field distur- 
bances, They probably would correlate 
much better with the early changes at 
the optic nerve head and might, in 
fact, denote a stage of disturbance 
that is reversible with therapy. Al- 
though color vision testing is carried 
out from the macula, this does not 
mean a disturbance of the papillomac- 
ular bundle of nerve fibers or distur- 
bances of central receptor mecha- 
nisms per se, but rather a disturbance 
of the whole system, which happens to 
be measured at the fovea. Our labora- 
tory studies suggest that the extra- 
foveal areas also have disturbed chro- 
matic dark adaptation thresholds.'* 
In patients with advanced glauco- 
ma, whom we had previously de- 
scribed, there were some patients 
whose color was still normal vision on 
the 100-Hue test and on the anomalo- 
scope. However, in the majority of 
patients, the color vision was dis- 
turbed; thus, if color vision distur- 
bances always preceded visual field 
defects, one would have expected the 
color vision scores to be abnormal in 
all of the patients with severe distur- 
bances of the visual field. A number of 
patients in whom a visual field defect 
developed during the five years in the 
present study had normal color vision 
tests five years previously. It would be 
interesting to retest the color vision at 
the time when the visual field distur- 
bance occurred, but this has not been 
done. In any case, it would seem that 
severe visual field defects in glaucoma 
can occasionally occur with normal 
color vision, which suggests that there 
may be at least two mechanisms for 
developing a nerve fiber bundle defect 
in glaucoma. This fact should prompt 
research to explore if there are even 
more than two mechanisms of damage 


that might explain some of the con- 
ceptual difficulties that we have had 
in understanding this disease. Our 
study also suggests that the yellow- 
blue and blue-green color-matching 
functions are disturbed in chronic 
open angle glaucoma, whereas the 
red-green color-matching function 
does not seem to be disturbed at all. In 
fact, the slope of Cox’s logistic linear 
regression’ for the red-green equation 
was the only one that was normal and 
statistically not significant (P < .47). 


This investigation was supported in part by 
grants MT 1578 and MT 4324 from the Medical 
Research Council of Canada. 
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Perimeters in the Detection of Glaucoma Defects 


Anders Heijl, MD, Stephen M. Drance, FRCS(C) 


è The ability to detect glaucomatous 
field defects of three automatic computer- 
ized perimeters (COMPETER, OCTOPUS, 
and PERIMETRON) was compared in a 
clinical study of 74 patients. This study 
included patients with glaucoma, those 
with suspected glaucoma in whom the 
visual fields were completely normal, and 
normal subjects. The reference fields 
were obtained by careful static and kinetic 
manual perimetry on the Tübinger perim- 
eter. All the automatic instruments gave 
similar high rates of detection of visual 
field loss and low false-positive test 
results. Quality conventional manual pe- 
rimetry is necessary to support automatic 
perimetric results, but automatic perime- 
ters already can do a large proportion of 
routine perimetric screening. 

(Arch Ophthalmol 1981;99:832-836) 


Several automatic perimeters have 
been described in the past few 
years. Some are semiautomatic simple 
screening instruments that only per- 
form a supraliminal test at a preset 
intensity level, while others are more 
sophisticated computerized  instru- 
ments that are able to conduct a test 
according to an intricate test logic and 
measure contrast thresholds at se- 
lected predetermined points in the 
visual field. One instrument also is 
capable of determining contrast 
thresholds by means of kinetic peri- 
metry. Some computerized perimeters 
have been clinically tested, and their 
performance has been compared with 
conventional manual perimetry; the 
reported results are encouraging.’ 
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No study has been published com- 
paring the screening sensitivity and 
specificity of these computerized pe- 
rimeters. Such a study is desirable, 
because automatic perimeters are ag- 
gressively marketed and many oph- 
thalmologists consider their purchase 
at considerable cost. 

This study will compare clinically 
the COMPETER (Bara Elektronik, 
Lund, Sweden), the OCTOPUS (Inter- 
zeag AG, Schlieren, Switzerland), and 
the PERIMETRON (Coherent Medi- 
eal Division, Palo Alto, Calif) in 
screening for glaucoma defects. These 
three instruments were the only fully 
automatic ones commercially avail- 
able during the summer of 1979 when 
this study was conducted. 


MATERIALS AND METHODS 


Patient Population. —One eye of 74 pa- 
tients with established glaucomatous field 
defects or normal persons and persons with 
suspected glaucoma without visual field 
defects were tested. The patients' ages 
ranged from 21 to 84 years (average, 60.8 
years). Only eyes with small- or medium- 
sized field defects were included. The 
patients were not selected according to 
their previous perimetric reliability. 

Instruments.— The COMPETER" employs 
64 fixed static stimuli produced by light- 
emitting diodes (LEDs). The instrument 
has been described elsewhere*^^ and uses 
stimuli at random to ensure that the 
patient cannot anticipate where the next 
stimulus will follow. The computer checks 
fixation by projecting stimuli into the 
blind spot area at random intervals 
throughout the test and calculates a fixa- 
tion quotient (perceived stimuli/exposed 
stimuli). 

The OCTOPUS," a projection perimeter, 
uses static stimuli of variable sizes and has 
been fully described in the literature. Stim- 
uli are exposed at random, and fixation is 
monitored by an infrared television sys- 
tem. 

The PERIMETRON is a projection pe- 
rimeter that employs kinetic and static 
modes of testing using stimuli of the same 
sizes and intensities available on the Gold- 
mann perimeter. The stimuli are presented 


in a nonrandomized sequence. Fixation is 
checked by an infrared moniter and can be 
overridden by a manual fixation device 
through a telescope similar te that of the 
Goldmann perimeter. 

Test Logics.—All of the instruments are 
equipped with a set of different test pro- 
grams and could be used for detailed and 
prolonged examinations by combining dif- 
ferent test programs. Longer tests permit 
a higher resolution in the visual field and, 
therefore, greater accuracy, but the test 
sessions must be divided into several short 
parts to allow patients to rest. Lengthy 
automatic examinations do tire patients 
and provide results that are different from 
short automatic tests." 

Our choice of test programs was guided 
by two principles. 

1. Screening should take a finite and 
practical amount of time, which was con- 
sidered to be 20 to 30 minutes per eye. 
Programs were selected for each instru- 
ment that would take approximately that 
time. 

2. Programs were chosen that concen- 
trated on those areas of the visual field 
that would most likely identify glaucoma- 
tous visual field defects. 

On the COMPETER, the central pattern 
of test points tested by a fairly fast thresh- 
old measuring test logic (test logic 1 
described by Heijl") was chosen. In addi- 
tion profiles of two meridians 15° above 
and below the nasal horizontal out to 30° 
from fixation were automatically tested. 
On the OCTOPUS, perimeter program “31” 
was used, which is a standard threshold 
measuring program consisting of 73 points 
within 30° from fixation with a 6° inter- 
stimulus distance." The PERIMETRON 
test program “10” was used. This program 
kinetically plots** isopters in the central 
and peripheral field and performs static 
spot-checking between the isopters. Spot- 
checking begins at the threshold level of 
the enveloping isopter, and the increment 
thresholds of all missed points are then 
established. 

Classification of Automatic Tests.—The 
criteria used to classify automatie fields as 
abnormal were developed with experience 
and were chosen to maximize sensitivity 
with reasonably good specificity. On the 
COMPETER, fields were classified as 
abnormal when the central pattern test 
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Fig 1.—COMPETER points in which thresholds were automatically determined. Points 
marked with an X wouid?be those for left eye in which threshold had to be one step higher 
to be considered abnormal. Two automatic profiles also are shown. 





Fig 2.—Central points or OCTOPUS perimeter in which thresholds were determined. In 
left eye, points marked with an X and black dots would be ignored in determining 
abnormality. The visual 'ield range is from 0° to 30°. 


showed one or more of the following abnor- 
malities outside the blinc spot area (Fig 1): 
(1) One or more test points with a threshold 
of —4,000 or less numervally (eg, —5,000) 
except at the blind spot were considered 
abnormal. (2) A group of two —300 and two 
—20 points or more was *onsidered abnor- 
mal. (3) A group of at least six —20 points 
with no eerresponding depression in the 
mirror points in the other hemifield (su- 
perior or mferior) was eonsidered abnor- 
mal. (4) In all test points 20° from fixation 
and in thcse points above and below the 
blind spot (15? temporally) up to and 
including points 60? frem the horizontal 
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meridian, the depression had to be one step 
deeper than elsewhere (ie, —300 in these 
locations was interpreted as a —20 would be 
in other parts of the field). 

In the profiles, the following criteria for 
abnormality were used: (1) Any depression 
with a depth of at least five intensity steps 
(21.5 log units) in its deepest part as 
compared with the surrounding parts of 
the profile was considered abnormal. (2) 
Any absolute (maximum luminosity) de- 
fect was considered abnormal. (3) The most 
peripheral part of the isopter (>25° from 
fixation) was disregarded to avoid arti- 
facts from the rim of the correction lens. 


On the OCTOPUS, the following criteria 
denoted abnormality: (1) The highest 
recorded sensitivity in the field was noted. 
If there was at least one test point with a 
threshold 1.5 log units above the threshold 
of the point with the highest sensitivity, 
the field was classified as abnormal. (2) 
The points in the upper hemifield were 
compared with their mirror image points 
in the lower hemifield. If there was a 
discrepancy in any of those pairs of greater 
than or equal to 1.0 log unit and a neighbor- 
ing point showed a higher threshold of 
greater than or equal to 0.5 log units, the 
field also was classified as abnormal. (3) 
The most peripheral test points (Fig 2) 
were ignored to avoid lens rim artifacts. 
These points are situated 25* and 30? from 
fixation. Six points in the blind spot area 
(12? and 18? temporally on the horizontal 
meridian and the four closest points above 
and below these points, ie, 13° from fixa- 
tion on the 150? and 210? meridians and 
19° from fixation on the 161? and 199° 
meridians in a left eye) also were disre- 
garded and considered to be part of the 
normal blind spot area (Fig 2). 

The following criteria for abnormality 
were used on the PERIMETRON: (1) Any 
nasal step, within 15? above or below the 
horizontal meridian, with a size of greater 
than or equal to 7? was considered abnor- 
mal. (2) All statically tested points with a 
threshold greater than or equal to 0.6 log 
units above the intensity of the isopter 
that envelops (or is supposed to envelop) 
the test point were considered abnormal. 
An isolated abnormal point was not enough 
to classify a field as abnormal, unless a 
neighboring point showed a depression of 
greater than or equal to 0.3 log units. (3) 
Points at 25? from fixation between the 
60° and the 120° meridians were disre- 
garded to avoid lens rim artifaets. Points 
within 5? from the blind spot also were 
disregarded (Fig 3). 

Procedure.- Automatic perimetry was 
performed on each patient using all three 
computerized instruments during a single 
session lasting 2% to three hours. The order 
of the automatic perimeters was randomly 
selected so that each machine had an equal 
number of Ist, 2nd, and 3rd tests. The 
patients were allowed to rest for at least 15 
minutes between the different instru- 
ments, and operator interference during 
testing was avoided as much as possible. 

Correction for ametropia and for near 
was always used when appropriate. In 
some patients, the test time required by 
the different instruments was measured. 
The time taken included time for seating 
the patient, time for instruction, time for 
any changes of test programs between the 
central pattern and the profiles on the 
COMPETER, and time of removing the 
lens for peripheral testing with the PE- 
RIMETRON. 

Previous manual fields using static and 
kinetic perimetry on the Tübinger perim- 
eter were available for all glaucoma 
patients with field defects. Screeners 
employing a modification of Armaly’s 
selective screening on the Galdmann peri- 
meter or full Tiibinger fields were avail- 
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Fig 3.—PERIMETRON screening of left eye. Arrows indicate meridians along which kinetic isopters 
were ascertained. Points inside isopters were missed to stimulus of encompassing isopter, but 
were ignored as their thresholds were only 0.2 to 0.3 log units higher. Inset on right shows points 
spot-checked with threshold determination. Those marked with an X were ignored in assessinc 


abnormality. 


able for all patients with full visual fields. 
All automatic fields were compared with 
the manual reference fields. Whenever a 
test result indicated a discrepancy between 
any of the automatic fields and the manual 
fields, the patients were retested using 
another careful kinetic and static evalua- 
tion on the Tübinger perimeter without the 
technicians knowing the area of discrepan- 
cy. The technicians were then handed an 
envelope that showed the area of disagree- 
ment, and that area was fully explored 
with static perimetry. COMPETER fields 
with poor fixation quotient (20.15) were 
disregarded and repeated. As the final 
manual perimetry was the standard for 
reference, eyes with inconclusive results on 
this test were excluded. 


RESULTS 


The manual reference perimetry 
classified 42 fields as abnormal and 32 
fields as normal. Using the criteria for 
establishing abnormality of the auto- 
matic fields, the three computerized 
perimeters yielded the following re- 
sults. 

Sensitivity.-The COMPETER cor- 
rectly identified 39 of the 42 abnormal 
visual fields, with a sensitivity rate of 
93%. The OCTOPUS identified 36 of 
the 42 abnormal visual fields, with a 
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86% sensitivity rate, and the PERIM- 
ETRON correctly identified 38 of 42 
abnormal visual fields, with a sensitiv- 
ity rate of 90%. 

Specificity.-The COMPETER false- 
ly classified six of the 32 normal fields 
as abnormal, which resulted in a spe- 
cificity rate of 81%. Corresponding 
figures for the OCTOPUS were four 
abnormals of the 32 normal fields, 
with a specificity rate of 87%, while 
the PERIMETRON produced six 
false-positive results, with a specifici- 
ty rate of 81%. 

Test Time.—The average test times 
for the different instruments in the 
normal and pathologic fields were as 
follows. Results on the COMPETER 
indicated the average time was 23.1 
minutes in normal eyes (range, 13.8 to 
27 minutes) and 23.3 minutes in eyes 
with abnormal fields (range, 18 to 30 
minutes). On the OCTOPUS, results 
showed the normal subjects' average 
time was 21.8 minutes (range, 14.5 to 
27 minutes) and in the abnormal fields 
24.9 minutes (range, 18 to 30 minutes), 
while the corresponding times for the 
PERIMETRON were 25.3 minutes in 
normal fields (range, 21 to 30 minutes) 


and 31.9 minutes (range 23 to 55 min- 
utes) in the abnormal test. The aver- 
age test times for the COMPETER 
and OCTOPUS were similar, while the 
PERIMETRON needed 25% more 
time but it routinely tested both cen- 
tral and peripheral telds in all 
patients. 


COMMENT 


The results of a clinical study such 
as this depend on many factors, 
including the types and severity of the 
field defects of the sample and its 
perimetric reliability, the quality of 
the manual reference perimetry, the 
criteria selected for the classification 
of the automatic test results, and the 
duration and difficulty of the tests 
used. 

The composition of the sample 
affects the results in at least two 
ways. If only patients with large and 
dense scotomata are used, the sensi- 
tivity figures increase. In this study, 
large field defects were avoided, and 
many field defects were small and 
easily would have been overlooked by 
the usually practiced manual perime- 
try. In fact, most of the abnormal 
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fields that were missed by the auto- 
matie perimeters were subtle. If the 
study had been confined only to peri- 
metrically trained and reliable pa- 
tients, the figures for both sensitivity 
and specificity would be increased. 
Our patients were not selected in such 
a way and are, therefore, representa- 
tive of a population in a normal clini- 
cal setting. 

One can only compare the perfor- 
mance of the automatic instruments if 
the reference patients are examined 
by a meticulous and painstaking man- 
ual perimetry, no matter how long 
that requires, and we believe that, at 
this time, this comes closest to a 
"true" visual field. The technician who 
performed the manual reference pe- 
rimetry used careful kinetic and static 
testing procedures on the Tiibinger 
perimeter, which were performed 
without access to previous fields. The 
technician was then allowed to see all 
previous fields, manual and automat- 
ic, to retest and adjudicate selectively 
all discrepancies between the meth- 
ods. The manual perimetry was 
superior to the usually practiced 
kinetic perimetry on the Goldmann 
perimeter. It is, therefore, not surpris- 
ing that our sensitivity figures are 
slightly lower than those of some oth- 
er automatic perimeter studies in 
which the ordinary kinetic perimetry 
on the Goldmann perimeter, which 
was used as the reference, would miss 
many subtle scotomata. Some false- 
positive results in our study could 
represent early visual field loss that 
could not be confirmed, even with the 
most careful scrutiny by the manual 
examination. — 

There were indeed one or two 
instances in which several automatic 
machines indicated the same area of 
the field as defective but that could 
not be eonfirmed by manual perime- 
try. These were exceptions and did not 
affect owr results to any substantial 
degree. It was our opinion that auto- 
matic perimetry can be compared only 
with the most careful manual perime- 
try as a reference. It is probably 
erroneous to conclude that automatic 
perimetry is more sensitive because 
more points, automatically deter- 
mined, seem to be defective, as is 
reported in some recent studies in 
which the manual perimetry could be 
questioned." Both automatic and 
manual perimetry show considerable 
variations that also can be demon- 
strated by repeating the automatic 
tests. Not all defective points found on 
the automatic perimeters are repro- 
ducible. The inclusion of tests on 
normal fields provides an estimate of 
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the frequency of false-positive results, 
which must be part of any compara- 
tive study. 

The choice of criteria for the classi- 
fication of the automatic fields is all- 
important and presents a problem at 
this time. The more stringent the cri- 
teria used, the more field defects will 
be found, but always at the expense of 
an increased number of false-positive 
results. We tried to optimize the crite- 
ria for each instrument and screening 
program toward a maximum sensitiv- 
ity rate with a reasonable and accept- 
able rate of false-positive results. To 
allow for a meaningful comparison 
between the three automatic instru- 
ments, we avoided criteria that would 
give one instrument a much higher 
sensitivity than the other two if this 
resulted in a much lower specificity 
compared with the other two instru- 
ments. Therefore, we modified our 
earlier COMPETER criteria to 
make them less sensitive as they 
would have yielded a 98% sensitivity 
rate, but at a considerably lower spe- 
cificity than obtained with the other 
automatic perimeters. 

The OCTOPUS criteria presented 
some problems, as our previous expe- 
rience with the perimeter was rather 
limited. We applied the rules used by 
Schmied? but had to abandon this 
method when we found it led to a 98% 
sensitivity rate but a specificity rate 
of only 25% (75% false-positive re- 
sults). We used the criteria outlined 
herein, which were found by trial and 
error. There was no previous data 
available for the PERIMETRON. We 
found the majority of false-positive 
results on the PERIMETRON were 
caused by small nasal steps. The spe- 
cificity rate would in fact have risen 
to 94% if the nasal step criterion had 
been excluded, but the sensitivity rate 
would have fallen to 71%." 

The study results were probably 
unfavorably influenced by the fact 
that patients were subjected to three 
strenuous tests within a few hours. 
Prolonged automatie perimetry can 
lead to deterioration of patient per- 
formance.” The randomization of the 
automatic testing sequence should 
minimize this in a comparative study. 
The PERIMETRON needed more sur- 
veillance during testing than the oth- 
er two instruments. Its fixation moni- 
toring system frequently required 
resetting and often had to be switched 
from “normal” to “coarse” or even 
disengaged altogether for manual fix- 
ation by the operator. It also required 
a longer test time than the other two 
machines, especially in abnormal 
fields, as it attempts kinetically to 


map the actual scotoma instead of 
merely identifying it. In normal 
fields, the difference in the test times 
between the three perimeters was 
much smaller. The OCTOPUS and 
COMPETER usually could be left on 
their own while performing the actual 
test. The fixation monitoring system 
of the OCTOPUS was less sensitive to 
disturbances than that of the PERIM- 
ETRON. Frequently it did not sense 
even fairly large deviations of the 
tested eye, especially in patients with 
dark irides. The fixation in the COM- 
PETER is more indirect and consists 
of a sampling of patient fixation dur- 
ing the test. This retrospective analy- 
sis of fixation requires discarding and 
repeated testing. 

Although the profile tests of the 
COMPETER often accentuated and 
helped to define the subtle visual field 
defects identified by the central test 
pattern, the actual screening results 
of this study would not have changed 
substantially if the profile tests had 
been deleted. This would have saved 
about half of the test time on the 
COMPETER while decreasing its sen- 
sitivity by only 2% and increasing the 
specificity by 6%. It is possible that 
similar savings in time would have 
occurred in the PERIMETRON if dif- 
ferent test procedures had been used 
or if different screening programs on 
the OCTOPUS had been employed, 
but these were unavailable at the time 
of the tests. 

For the ophthalmologist, the usual 
interpretation of the PERIMETRON 
fields is simpler than that of fields 
from the other two machines. This is 
caused by the similarity between the 
PERIMETRON charts and the con- 
ventional Goldmann fields. The dif- 
ferent printout of the OCTOPUS and 
the COMPETER does not present any 
difficulty once they become familiar. 
We found the test results from the 
three instruments equally useful. The 
PERIMETRON covers the full field 
and often indicates nasal steps more 
clearly than the other two machines, 
but it can miss the full depth of local- 
ized visual field defects. This is proba- 
bly caused by the fact that it does not 
use randomized stimulus sequences. A 
randomized, unpredictable stimulus 
presentation counteracts faulty fixa- 
tion and facilitates the detection of 
field defects and the estimation of 
their depth.'* The OCTOPUS program 
used covers the central field out to 30°, 
which is larger than the field covered 
by the central pattern of the COM- 
PETER. Nasal wedge-shaped defects 
are often more clear in the OCTOPUS 
charts than in the COMPETER cen- 
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tral pattern charts. However, most 
peripheral points in the OCTOPUS 
test often are affected by lens rim 
artifacts, which had to be disregarded 
here. The distance between the tested 
points in the OCTOPUS program also 
might have been diminished if the 
more peripheral part of the central 
field had been sacrificed. The resolu- 
tion of OCTOPUS test program "31" 
is lower in the central visual field than 
the resolution of the other two instru- 
ments, but the use of the complemen- 
tary program "32," which increases 
the resolution at the cost of doubling 
the test time, may be used. The 
OCTOPUS, as we used it, can there- 
fore miss small paracentral defects, 
including narrow arcuate scotomata 
curving between 5° and 10° from fix- 
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ation toward the nasal parafoveal 
area. It seldom indicates the full depth 
of the physiological blind spot. 

The objectivity and standardization 
of testing of the automatic instru- 
ments are major advantages. All three 
perimeters proved useful and gave 
similar results, which, in our opinion, 
are superior to much of the current 
standard kinetic visual fields plotted. 
Some of the advertised features of the 
automatic perimeters might do auto- 
matic perimetry more harm than 
good. The ophthalmologist cannot 
solve all his perimetric problems by 
purchasing an automatic perimeter. A 
conventional manual backup system 
with a competent technician is neces- 
sary, particularly for quantitative 
perimetry. However, automatic pe- 
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rimeters can relieve the technicians of 
much tedious and time-consuming 
routine screening. It is our belief and 
hope that automatic perimetry will 
become a standard procedure within 
the next decade. Judiciously used, 
computerized perimeters will prove to 
be of great benefit to ophthalmolo- 
gists and their patients. They have 
already improved the quality of pe- 
rimetry as practiced. 
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Intraocular Pressure and 


Cardiovaseular Risk Variables 


Barbara 5. Klein, MD, Ronald Klein, MD 


è The relationship between intraocular 
pressure and several cardiovascular risk 
factors was evaluates in data from the 
Health and Nutrition =xaminaton Survey 
of 1971 to 1974. MearlOP increased with 
increasing age for all groups. Blacks 
tended to have slightly higher levels than 
did whites. Intraocula pressure was cor- 
related positively with systemic blood 
pressure in all groups The pattern of the 
association of IOP with hematocrit read- 
ing, sedimentation ree, pulse rate, and 
serum cholesterol lewel was not consis- 
tent in the four race-sex groups. In all 
groups te variables i» a regression mod- 
el accounted for, at most, 8% of the vari- 
ability in IOP reading. 

(Arch Ophthalmol ®81;99:837-839) 


Although populatien distributions of 

intraocular pressure have been 
reported in the past,’* only recently 
has a study investwated the associa- 
tion of IOP with several cardiovascu- 
lar characteristics n a community.*^ 
We report herein -he description of 
IOP levels and associated cardiovascu- 
lar variables as measured in a large 
sample of persons ‘rom the noninsti- 
tutionalized popula-ion of the United 
States. 


MATERIALS AND METHODS 


The Health and Netrition Examination 
Survey (HANES) wa. conducted between 
April 1971 and June 2974 on a probability 
sample of the US nonmstitutionalized civil- 
ian population, aged 1 to 74 years? An 
extensive nutritional and medical history 
was obtained, and physical examination 
was performed on the participants. 

The sampling schene was weighted to 
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inerease the proportion of low income 
groups, older age groups, preschool chil- 
dren, and women of childbearing age. The 
design of the survey and sampling proce- 
dures are reported elsewhere.* 

The ophthalmologic assessment was 
done at the first 35 HANES locations. A 
thorough examination was performed, 
including applanation tonometry on exam- 
inees aged 20 years and older. The mea- 
surements were done by a standard proto- 
col with replicate testing incorporated into 
the scheme to ensure quality control. Oph- 
thalmologists performed the tonometry. 
Three readings per eye were taken after 
the instillation of a sterile ophthalmic solu- 
tion of fluorescein sodium and benoxinate. 
The tonometer was returned to 10 mm Hg 
after each reading.'^"»*" Ophthalmolo- 
gists from the National Eye Institute inde- 
pendently replicated the complete ophthal- 
mologic examination on all the first days' 
examinees for each test stand after the 
examiner was trained in the survey tech- 
nique. Therefore, measurements reported 
in this article reflect a standard measure- 
ment technique as currently used in com- 
mon practice. The response rate for those 
persons participating in the ophthalmo- 
logic assessment was 71.6%. 


The blood pressure (BP) was obtained in 
the right upper extremity at the beginning 
of the medical examination.''^"»'' In 
these analyses, BP equa! to or greater than 
140 mm Hg for systolic BP :s considered to 
be hypertension. Pulse was taken at the 
same time and counted for at least 30 s; in 
the analyses, pulse rate was converted to 
beats per minute. 

Data handling was aceomplished by 
establishing a data file from the relevant 
HANES tapes (No. 4161 and 5433). Anal- 
yses were performed using a computer. 
Statistical packages** were used to tabu- 
late and analyze the data. Sample weights 
were not employed in these analyses. 


RESULTS 


Mean IOP for each of the three 
readings is given in Table 1. Values 
for the right eye are slightly higher in 
white men, white women, and black 
women, but the differences are small. 
Intraocular pressure did not change 
systematically over the three read- 
ings. This was true for both right and 
left eyes. 

The correlation coefficients of IOP 


Table 1.—Mean Intraocular Pressures for Each of Three Reacings, 
HANES, United States, 1971 to 1973 


IOP, mm Hg 


Race/Sex 


Second 


Second 


Right Eye 


— M—Ó— 
Mean 





*Only persons with all three measurements in both eyes are included in this analysis. 
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Table 2.—Mean Intraocular Pressure (mm Hg) in Right Eye by 
Age, Race, and Sex, HANES, United States, 1971 to 1973 


Table 5.—Stepwise Multiple 
Regression Model by Race and Sex, 
HANES, United States, 

t iie dd 1971 to 1973 
45-54 55-64 65-69 70-75 


White Men 
N 134 357 271 217 303 239 


Mean IOP  . 14.66 14.49 14.91 15.69 15.21 15.94 


SD 2.57 3.25 3.46 3.77 3.41 4.09 


White Women 
N 300 841 ' 279 232 343 237 


Mean IOP 14.35 14.63 14.78 15.58 15.91 16.36 
SD 


2.79 3.00 3.13 3.23 3.37 5.08 


Black Men 
N 28 77 82 54 87 68 


Mean IOP 14.39 14.75 15.26 15.70 16.18 16.57 
SD 


2.83 3.17 3.51 4.31 3.64 4.62 


Black Women 
N 75 268 74 52 93 53 


Mean IOP 14.12 14.96 15.57 16.64 16.74 16.38 
SD 


3.29 3.70 3.15 3.70 4.58 4.23 


Multiple 


Race /Sex Variables 
Systolic BP* 


Hematocrit 


Sedimentation 
rate 


Serum 
cholesterol 


W/F Systolic BP 


Hematocrit 


B/M Systolic BP 22 
Age .25 
Systolic BP 


Serum 
cholesterol .28 


Hematocrit 





Table 3.—Mean Intraocular Pressure (mm Hg) in Right Eye by Blood "OL blood pressure 
Pressure (BP), Age, Race, and Sex, HANES, United States, 1971 to 1973 l 
measurements for right and left eyes 
65-75 were computed. For the first set of 

EU EE readings the correlation coefficients 

High Normal High are .78 for white men, .8! for white 
women, .77 for black men, and .73 for 
black women. The cerrelations be- 
tween the eyes are consistent for the 


BP BP BP BP BP BP 
N 396 94 262 255 205 337 
Mean IOP 14.43 15.03 14.60 16.00* 15.31 15.66 


SD 2.96 3.51 3.49 3.62 3.43 AT three readings. 
As a measure of the relationship 
White Women 


N 995 142 291 219 163 415 between repeated measures in the 
Mean IOP 14.50 14.96 14.72 15.72* 15.24 16.44* same eye, the correlation coefficients 
SD 2.85 2.85 3.09 3.27 3.44 4.37 for IOP for the first and second, for 
Black Men second and third, and for first and 
N 73 30 68 67 42 113 third measurements in the same eye 
Mean IOP 14.10 16.33* 14.97 16.02 15.71 16.59 were calculated. Correlations were .94 
SD 2.68 3.29 3.52 4.02 3.56 4.26 or greater for each pair. 
Black Women Mean IOPs for each age, race, and 
N 261 77 50 75 27 118 sex group are given in Table 2. 
Mean IOP 14.60 14.92 16.67* 15.00 16.99* Because there are no consistent dif- 
3.72 3.06 3.46 4.98 4.27 ferences between the eyes, data are 
arbitrarily reported for the right eye. 
The first measurement in that eye 
was used. For white men, mean pres- 
sures increase from 14.66 mm Hg in 


| 25- to 29-year-olds to 15.94 mm Hg in 
Table 4.—Frequencies of Elevated Intraocular Pressure by 70- to 75-year-olds; in white women 


Blood Pressure (BP) Status, HANES, United States, 1971 to 1973 the mean level is 14.35 mm Hg in 25- 


IOP > 22 mm Hg to 29-year-olds, and 16.36 mm Hg in 
IS MC iets ail, 70- to 75-year-olds; in black men, the 
% of corresponding mean values are 14.39 
Race/Sex N Total and 16.57 mm Hg, and in black 
oe women, the means are 14.12 and 16.38 
High* mm Hg. There is no consistent effect 
Dad. of sex on IOP. Blacks have slightly 

High higher levels than do whites. 
Mora 7 In the HANES sample, as in other 
High population groups," BP level tends 
os to increase with age. Blacks have 
High higher levels than their age-sex spe- 

*Systolic BP > 140 mm Hg. cifie white peers. 
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Table 3 deseribes the mean IOP in 
persons whose systolic BP is normal 
and in those persens in whom the BP 
is high. In these data, mean IOP is 
consistently higher in persons whose 
BP is classified as high. An alterna- 
tive approach to assessing the rela- 
tionship between BP and IOP is to 
exam:ne rates of ecular hypertension 
(IOP — 22 mm Hg) among persons 
with normal, and fhose with elevated, 
BP (Table 4). Because of small num- 
bers of persons in some groups, these 
rates are not adjusted for age. In this 
analysis, there is a modest but consis- 
tent pattern of increased frequency of 
ocular hypertensicn in persons who 
have elevated BP vels. 

There is no constent or significant 
association betwe»n increased IOP 
and pulse rate in the HANES data. 

In order to explore the association 
of IOP with other physiologic vari- 
ables, a stepwise regression analysis 
was performed. This analysis de- 
scribes the relative importance of sev- 
eral factors in accounting for the vari- 
ability of IOP. Age, hematocrit read- 
ing, pulse rate, sedimentation rate, 
serum cholesterol ‘evel, and systolic 
BP were used. In each race-sex group 
(Table 5) systolic BP was the variable 
most highly correlated with IOP, and, 
therefore, enters frst in a stepwise 
program; age follows next for three of 
the four groups, and hematocrit en- 
ters third: Thereafter, there is no con- 
sistent pattern of association. In 
Table 5 the column for multiple R 
gives the correlation of the IOP with 
the entire regressicn model specified 
for each group for the stated vari- 
ables. For example, for white men the 
R value with all siz variables in the 
model is .21. R", which can be inter- 
preted as the percent of variance in 
IOP explained by the regression equa- 
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tion, is .05 for white men, .08 for white 
women, .06 for black men, and .08 for 
black women. Said another way, the 
multiple regression model explains 
5%, 8%, 6%, and 8% of the variance in 
IOP for white men, white women, 
black men, and black women, respec- 
tively. 


COMMENT 


The HANES provides a description 
of the distribution of IOP in a large 
American population that was not 
selected because of ocular or other 
medical disorder. Characteristies of 
the measurements with respect to 
demographic and physical characteris- 
tics of the population can be evalu- 
ated. Mean IOPs of persons in the 
HANES population, found in Table 1, 
are similar to those reported in other 
populations.'* The rise in IOP with 
increasing age is similar to the age 
effect in the other studies. 

Mean IOPs tend to be slightly high- 
er in blacks than in whites. The 
increased level of pressure reflected in 
these data is modest; however, the 
higher levels might convey an in- 
creased risk of glaucoma. It is not 
possible in these data to determine 
whether there is an increased fre- 
quency of glaucoma in the black par- 
ticipants. 

Correlation coefficients for re- 
peated measures of the same eye were 
computed. The correlations were high. 
The practice of returning the tonom- 
eter to 10 mm Hg after each reading 
would minimize observer bias. The 
high correlation would support the 
practice of using two measures of IOP 
for large population-based studies. 

A stepwise multiple regression 
model was chosen in order to deter- 
mine the effects of several indepen- 
dent variables simultaneously. Using 
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this model, systolic BP entered first 
for all groups. Thus, these data are 
consistent with those of Bengtsson‘ 
and the Framingham Eye Study.’ The 
positive association may refleet an 
effect of age. That age does not enter 
first in the stepwise model may be due 
to the “age effect” being included (or 
"submerged") in the BP correlation. 

The association of BP and IOP is 
present for all four race-sex groups 
and is of a consistent order of magni- 
tude. The relationship was significant 
but small. This suggests that there are 
other factors that may be equally or 
more important in determining IOP 
than those evaluated in this study. 

Interpretation of any of the rela- 
tionships explored in these analyses 
must be made cautiously. First, 71% of 
those persons targeted for ophthalmo- 
logic evaluation were examined; thus, 
the potential for bias in those. who 
participated exists. This is likely to 
have little effect on the association of 
BP and IOP, since this relationship 
exists across the range of values of 
these variables. Second, pharmaco- 
logic or other environmental agents 
may alter some of the variables 
included in this analysis. The use of 
medications to alter BP or IOP could 
not be evaluated adequately in these 
data. Third, the HANES is a preva- 
lence survey and, unlike the Fram- 
ingham Eye Study performed in a 
cohort that had been studied years 
before, it is not possible in these data 
to determine whether higher BP pre- 
ceded higher IOP. 
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One-Hour Intraocular Pressure Response to Timolol 


Lack of Correlation With Long-term Response 


Theodore Krupin, MD; Paul R. Singer, MD; John Perlmutter, MD; Allan E. Kolker, MD; Bernard Becker, MD 


e The initial topical administration of 
1 drop of 0.25% timolol maleate in 25 
nontreated ocular hypertensive patients 
resulted in a significant reduction of mean 
intraocular pressure one hour later, from 
a baseline of 28.1 + 5.3 (mean + SD) mm 
Hg to 18.5 + 4.5 mm Hg. Two patients 
(8%) failed to show at least a 10% 
decrease in IOP one hour after the initial 
administration. After three to four weeks 
of twice a day unilateral therapy with 
0.25% timolol, mean IOP increased to 
21.1 + 4.2 mm Hg. At this time seven 
patients (28%) failed to obtain a 10% 
decrease in IOP from topical timolol 
administration. Changing to 0.5% timolol 
for three to four weeks did not cause an 
additional significant lowering of IOP 
(20.4 + 3.5 mm Hg). At this time five 
patients (20%) had less than a 10% reduc- 
tion in IOP. The one-hour response failed 
to predict future IOP nonresponsiveness. 

(Arch Ophthalmol 1981;99:840-841) 


imolol maleate, a nonselective 

f-adrenergic blocking agent, low- 
ers intraocular pressure following 
topical administration in healthy vol- 
unteers' and in patients with ocular 
hypertension or glaucoma.** The 
mode of action appears to be a reduc- 
tion of aqueous humor formation’ as 
outflow facility is not affected." The 
greatest effect of topically adminis- 
tered timolol on IOP usually occurs 
following the initial administration. 
However, some individuals fail to re- 
spond and, in others, tolerance to the 
drug develops.’* The present study is 
designed to compare the initial one- 
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hour IOP response to topically admin- 
istered timolol maleate with its sus- 
tained effect. 


PATIENTS AND METHODS 


Twenty-five healthy, nontreated, ocular 
hypertensive patients were studied. Eight- 
een were men. The mean + SD age was 
53.8 + 10.5 years. These individuals were 
not receiving -adrenergic blocking agents 
for systemic effect or other medication for 
systemic effect known to alter IOP. 
Patients with known systemic contraindi- 
cations to the use of f-blockers were 
excluded. 

Baseline applanation IOPs were mea- 
sured. One eye was selected randomly as 
the treated eye and received 1 drop of 
0.25% timolol maleate. One hour later IOPs 
were remeasured and the patient was 
instructed to use this medication in the 
treated eye twice a day. Intraocular pres- 
sures were remeasured three to four weeks 
later at the same time of the day as the 
baseline measurement. The patient was 
instructed to use the drop the morning of 
the visit. The concentration of timolol was 
increased to 0.576 and continued twice a 
day for another three to four weeks after 
which IOPs again were measured. 

The IOP effect was analyzed as a per- 
centage lowering from baseline value for 
the treated and the control eye. The net 
percent change was determined by sub- 
tracting the percentage change for the 
control eye from the percentage change for 
the treated eye. The paired ¢ test was used 
for statistical analysis. 


RESULTS 


Timolol was used in 13 right and 12 
left eyes. Mean baseline IOP was not 
significantly different (P > .05) in 
the treated and control eyes (Table) 






Baseline 1 hr 
28.1 + 5.3 
26.7 + 4.8 


Treated 
Control 





*Mean mm Hg + SD. 


Intraocular Pressure* by Week and Treatment 


Timolol 0.2596, 


18.5 + 4.5 
23.8 + 4.9 


and ranged from 21 to 44 mm Hg in 
the treated eyes and from 21 to 44 mm 
Hg in the control eyes. One drop of 
0.25% timolol maleate resulted in a 
significant (P < .001) pressure reduc- 
tion after one hour. Mean IOP in the 
contralateral control eyes was also 
lower at this time (P < .001). 

Three to four weeks after twice a 
day unilateral 0.25% timolol adminis- 
tration, the IOP was significantly low- 
ered as compared with baseline in 
both the treated (P — .001) and the 
control (P — .02) eyes. However, the 
response in the treated eyes was 
greater than in the control eyes 
(P — .001). The mean decrease in IOP 
at one hour was greater than the 
three-to-four-week response in the 
treated eyes (P < .005) but not in the 
control eyes (P > .2). 

Inereasing the concentration of 
timolol from 0.25% to 05% for an 
additional three to four weeks did not 
cause a further lowering of mean IOP 
(P > .5). Mean IOP in the treated eyes 
was significantly (P < .001) lower one 
hour after the initial 0.25% drop than 
at the end of the study on twice-a-day 
0.5% eyedrops. 

The percent change in IOP is pre- 
sented in the Figure. If we arbitrarily 
use a —10% response for purposes of 
comparison, only two patients (8%) are 
nonresponders one hour after the ini- 
tial drop of 0.25% timolol. One of these 
patients remained a nenresponder 
throughout the study. Six additional 
patients who responded at one hour 
failed to show this magnitude of IOP 
lowering after three to four weeks of 


Timolol 0.25%, Timolol 0.5%, 
3-4 wk 3-4 wk 
21.1 + 4.2 20.4 + 3.5 


IOP Response to Timolci—Krupin et al 









C apn +e, 
<" 






3 | 

.. treatment with 0.2776. After three to 

. four wee o ).5% imolol treatment, 
five patients were considered nonre- 
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to 0.5% timolol, one »atient showed no 
response at all time tested, one sub- 
ject was a responder at one hour but a 
nonr der to both 0.25% and 0.5%, 
and three patients were responders 
one hour and three t four weeks after 
0.25% But nonrespenders after 0.5% 
treatment. 

The data were analyzed in an 
attempt to predict arom the one-hour 
IOP response to timolol 0.25% the 
response after three to four weeks of 
therapy. No correlation was found 
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to four weeks after 0.25% timolol, and three to four weeks after 0.5% 

as administered to one eye with percent change in IOP represented as 
yeen treated and control eyes compared with baseline. X represents mean 
| + SE for times of measurement. 


even when considering the contralat- 
eral control eye response, only the 
treated eye response, or the initial 


baseline IOP. 


COMMENT 


Topically administered timolol, 
which is relatively free of ocular side 
effects, is an effective agent for low- 
ering IOP. The greatest IOP effect 
occurs in the first few days after 
initiating therapy, with an increase in 
IOP occurring with time. In the pres- 
ent study, 23 of the 25 untreated ocu- 
lar hypertensive patients (92%) dem- 
onstrate a lowering in IOP of greater 
than 10% one hour after the initial 
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drop of 0.25% timolol maleate. Howev- — 
er, the response diminishes over time, 
with seven patients (28%) responding — 
less than 10% at three to four weeks — . 
after 0.25% timolol, and five patients _ 
(20%) similarly unresponsive three to — - 
four weeks later after 0.5% timolol. 
Unfortunately, the one-hour IOP re- 
sponse is not predictive of later non- — 
responsiveness. The decrease in the | 
effects of timolol on IOP with time is . 
described by others.;^ This may be 
due to development of tolerance to the 
drug or tachyphylaxis. In the present 
study, this occurs with unilateral — 
timolol administration and in the . 
absence of other antigiaucoma medi- — 
cations. | A 

Timolol may have a contralateral — - 
ocular effect due to systemie drug 
absorption. Our findings suggest that 
this response is minimal and not clini- — 
cally important (Table). Increasing 
the concentration of timolol from _ 
0.25% to 0.5% does not significantly — 
lower IOP more than the 0.25% con- 

. centration. However, five of the seven 
nonresponders to 0.25% became re- 
sponders after using 0.5% timolol. But 
three of the five nonresponders to 
0.5% did have greater than a 10% 
reduction in IOP with 0.25% timolol. 
The lack of predictive value of initial 
response to timolol necessitates the —— . 
continuous monitoring of the IOP | 

response in patients treated with this — - 
drug. | i, aa 

£ - rj 
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Chorioretinal and Choriovitreal Neovascularization 


Their Presence After Photocoagulation 
of Proliferative Sickle Cell Retinopathy 


Rutheva V. Dizon-Moore, MD; Lee M. Jampol, MD; Morton F. Goldberg, MD 


è Delayed development of choroidally 
fed neovascularization represents a po- 
tentially serious complication of feeder 
vessel photocoagulation of proliferative 
sickle cell retinopathy (PSR). Of the 53 
photocoagulated eyes, choroidally fed 
neovascularization developed in 21 within 
one month to seven years (mean, 32.8 
months). This complication appeared in 
eyes treated with argon laser and xenon 
arc. In 11, neovascular tissue remained 
flat in the chorioretinal scar (chorioretinal 
neovascularization), but in ten, the ves- 
sels grew into the vitreous (choriovitreal 
neovascularization). In many cases of 
chorioretinal neovascularization, the only 
subsequent complication was local vit- 
reous hemorrhage. Visual acuities re- 
mained near normal. The development of 
choriovitreal neovascularization was as- 
sociated with vitreous hemorrhages or 
retinal detachment in six of ten cases. 
Final visual acuities, however, were 20/50 
or better in nine. Photocoagulation in 
some cases converted chorioretinal neo- 
vascularization to choriovitreal neovascu- 
larization or seemed to stimulate further 
growth of choriovitreal neovasculariza- 
tion. We now recommend no treatment for 
most cases of choroidally fed neovascu- 
larization. Photocoagulation techniques 
for PSR should attempt to minimize the 
development of choroidally fed neovascu- 
larization. 

(Arch Ophthalmol 1981;99:842-849) 
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hotocoagulation of feeder vessels 

in proliferative sickle cell retinopa- 
thy (PSR) has been highly successful 
in closing the neovascularization.' 
Short-term complications of argon la- 
ser and xenon arc photocoagulation in 
these cases have included retinal or 
choroidal hemorrhage, peripheral 
choroidal ischemia, macular traction, 
and retinal detachment.' Recently, 
retinal tears have also been reported 
after argon laser photocoagulation.” 
In our original series,' 5.7% of the 53 
eyes treated with argon laser and 
xenon are photocoagulation had cho- 
roidally fed neovascularization after 
one month to 2!» years of follow-up. 
We have recently reviewed the clinical 
courses of these same 53 eyes to deter- 
mine the incidence of chorioretinal 
and choriovitreal neovascularization 
after a longer follow-up period and 
the morbidity of this complication. At 
least 39.6% (and possibly as many as 
51%) of the eyes demonstrated choroi- 
dally fed neovascularization, making 
this the most common and potentially 
serious complication of this photoco- 
agulation technique. To facilitate rec- 
ognition of this complication and to 
prevent misdiagnosis and further 
sequelae, we present the ophthalmo- 
scopic and fluorescein angiographic 
characteristics of chorioretinal and 
choriovitreal neovascularization that 
occur after photocoagulation of PSR. 


SUBJECTS AND METHODS 


Forty patients (53 eyes) with PSR were 
treated with photocoagulation between 
December 1972 and February 1975 at the 


University of Illinois Hospital Sickle Cell 
Eye Clinic, Chicago. Hemoglobin variants 
of the patients were as follows: 32 (80%) 
had hemoglobin SC; three (7.5% ) had hemo- 
globin SS; three (7.5%) had hemoglobin S £- 
thalassemia; one (2.5%) had hemoglobin 
AS; and one (2.5%) had hemoglobin AC. 
The patients’ initial ages ranged from 13 to 
56 years (mean, 33.7 years). Thirty-six eyes 
underwent argon laser photocoagulation 
with use of a slitlamp. Twenty-three eyes 
received xenon are photocoagulation with a 
slitlamp delivery system (six eyes were 
treated with both modalities at different 
times). 

The technique of photocoagulation used 
has been described in detail. A baseline 
energy (necessary to create a gray fundus 
lesion of moderate intensity) was first 
determined. Focal treatment to the feeder 


Hemoglobin 
Case/Age, yr Eye Type 
1/29 L SC 
2/35 L SC 
3/50 b SC 
4/32 L SC 
5/25 L SS 
6/39 L SC 
7/38 L SC 
8/31 L SC 
9/32 L SC 
10/55 R SC 
11/30 L SC 
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vessels using 2.5 times the baseline energy 
was performed; the ead point of treatment 
was fragmentation e^ the 5lood column in 
the treated vessels. Arterioles were closed 
before the venules were treated. Values in 
treatment with the argon laser included 
burn diameters of 50eto 500 um, durations 
of 0.2 te 1.0 s, and an average of 157 burns 
per eye The average energy was 22 joules 
per treatment session. For xenon treat- 
ment, the image field diaphragm aperture 
was 1.5”; occasionally, 3° was used. The 
duration was 0.2 to 1.5s, with an average of 
70 burns. An average-ef 30 joules was used 
per treatment session. 

Patients were subsequently followed up 
with complete ophthalmologic examina- 


tion, fundus photography, and fluorescein 
angiography every three to 12 months. 
Mean follow-up time was 32.8 months. Sev- 
en patients were lost to follow-up within a 
year of treatment (minimum follow-up was 
one month). Fourteen patients were fol- 
lowed up from one to two years, four 
patients for four years, and 15 patients for 
seven to eight years. 

Chorioretinal neovascularization was de- 
fined as choroidally fed vessels that leaked 
fluorescein but remained confined within 
the plane of the chorioretinal photocoagu- 
lation scar. Choriovitreal neovasculariza- 
tion was defined as leaking, choroidally fed 
vessels that extended beyond the plane of 
the retina into the vitreous cavity. 


RESULTS 


During the total follow-up period at 
least 21 (39.6%) of the treated eyes 
with PSR developed chorioretinal or 
choriovitreal neovascularization (Ta- 
bles 1 and 2). Twenty of these 21 cases 
had hemoglobin SC. In 11 of 30 eyes 
(57%) treated with argon laser, nine of 
17 eyes (53%) treated with xenon are, 
and one of six eyes (16.7%) treated 
with both methods, these complica- 
tions developed. Eleven eyes had cho- 
rioretinal neovascularization and ten 
eyes had choriovitreal neovasculariza- 
tion. Seven of the 11 eyes with chorio- 





Fig 1.—Left, Fading photocoagulation burns several days after treatment with xenon arc 
Gf proliferative sickle cell retinopathy. Right, Fluorescein angiography shows staining of 
some xenon burns and treated vessel walls but no leakage from neovascularization. 


Table 1.—Patients Wit® Chorioretinal Neovascularization (11 Eyes)* 


t 


Complications of 


Interval Between 
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Treatment Modality Initial Treatment Last Treatment Treatment Complications Final 
-*. Follow-up, for Preretiral Neo- of Preretinal and Detection of Modality of Choroidal Visual 
mo vascularization Neovascularization CRN, mo for CRN Neovascularization Acuity 
61 Xenon (Zx) Choroidal ischemia 5 None None 20/20 
62 Xenon (2x) None 4 None Local bleeding 20/20 
49 Xenon None 37 None None 20/20 
18 Xenon (2x ) Choroidal ischemia 2 None None 20/20 
69 Xenon Choroidal ischemia, 2 None None 20/25 
iridocyclitis, retinal 
hemorrhage 
12 Xenon Choroidal ischemia 1 None None 20/25 
62 Xenon Choroidal ischemia 5 None Local bleeding 20/20 
13 Argon (3= ) Choroidal ischemia 6 None None 20/25 
66 Argon Choroidal ischemia 59 None None 20/20 
3 Argon (2 * ) Choroidal ischemia 3 None None 20/25 
50 Argon anc Choroidal ischemia 4 Xenon (lesion still Local vitreous 20/25 
xenon (2x) perfused) hemorrhage (after 


*CRN indicates PEE neoviran; SC, hemoglobin SC disease; and SS, sickle cell anemia. 
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Table 2.—Patients With Choriovitreal Neovascularization (Ten Eyes; 


Treatment Complication of 
Modality for Initial Treatment interval Between initial type Treatment 
Hemo- Preretinal of Preretinal Last Treatment of Choroidal Medalities for 
Case/ globin Follow- Neovascu- Neovascular- and Detection of Neovasculariza- Chəroidal Neo- 
Age, yr Eye Type up, mo larization ization CRN or CVN, mo tion Detected vascularization 
1/35 L SC 66 Argon (2x) Choroidal ische- 1 CVN Crycoexy (2 xX), 
mia, choroidal transscleral dia- ™ 
hemorrhage thermy 
2/16 R SC 56 Argon (2 x) Choroidal hemor- 3 CVN Cryapexy, retinal 
rhage detachment re- 
pair 
3/27 R SC 27 Argon (3 X ) Choroidal ische- 3 CVN Argon 
mia, choroidal 
hemorrhage 
4/24 R SC 60 Argon Choroidal ischemia 5 CRN Argon (2 x), 
xenon (2 X) 
5/16 R SC 21 Argon (2X) None 1 CRN Argon (2 X ), xe- 
non 4 
6/25 R SC 25 Argon (2 x ) None 2 CRN Xemon (2 x), > 
cryopexy (2 X ), 
vitrectomy 
and retinal de- 
tachment repair 
7/53 R SC 66 Argon (2 x) None 5 CRN Nome 
8/46 R SC 58 Argon Choroidal ischemia 41 CRN None 
9/23 R SC 68 Xenon (2 X ) Choroidal hemor- 9 CRN Ncne 
rhage 
10/29 R SC 61 Xenon None 5 CRN Ncne 
*CVN indicates choriovitreal neovascularization; CRN, chorioretinal neovascularization; and SC, hemoglobin SC disease. 
* 
> 





Fig 2.—Left, Central pigment mottling is visible in large xenon arc photocoagulation scar several months after :reatment. 
Right, Fluorescein angiography shows some patchy staining of scar but no discrete choroidally fed neovasculaazation. 


retinal neovascularization had been 


treated with the xenon arc alone (Ta- 
ble 1), whereas eight of the ten eyes 
with choriovitreal neovascularization 
had been treated with the argon laser 
(Table 2). Eight eyes had two or more 
choroidally fed neovascular lesions. A 
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fortuitous finding was the occurrence 
of chorioretinal neovascularization in 
the left eye in ten of 11 cases, while 
choriovitreal neovascularization was 
seen in the right eye in nine of ten 
cases. The choroidal origin of the new 
vessels was verified with rapid- 


sequence early-stage fuorescein an- 
giography. Four eyes also had cho- 
rioretinal vascular connections (anas- 
tomoses) that did not leak fluorescein. 
An additional six eyes had suspected 
but unconfirmed choro:dally fed neo- 
vascularization when the patients 
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FT b 
ps "n ks 
Fig 3.—Photocoagulation scar seen in Fig 2 after further xenon 


arc treatment. Whitish fibrovascular tissue now occupies central 
position of scar; some discrete vessels are visible (case 11, Ta- 


Final Status of Complications of Final 
Choroical Neo- Choroidal Neo- Visual 
vascularization vascularization Acuity 
CVN, perfused Recurrent vitreous hemor- 20/50 
rhage, serous detach- 
ment and traction of 
macula, retinal detach- 
ment 
CVN, perfused Vitreous hemorrhage, reti- 20/25 
nal detachment 
CVN, closed None 20/25 
CVN, perfused None 20/40 
CVN, perfused Recurrent vitreous hemor- 20/40 
rhage 
CVN, clesed Rhegmatogenous retinal 20/400 
detachment, dragged 
macula, vitreous hemor- 
rhage 
CVN, perfused Local hemorrhage 20/25 
CVN, perfused None 20/30 
CVN, perfused None 20/30 
CVN, perfused Recurrent vitreous hemor- 20/30 ble 1). 


rhages 








Fig 4.—Left, Early phase angiogram of lesion seen in Fig 3 shows choroidally fed, 
chorioretinal neovascularization that occupies central portion of photocoagulation 
scar. Right, Late phase angiogram shows leakage from chorioretinal neovasculariza- 
tion. 


were lost to follow-up. If we include 
theses:x eyes in the analysis, 27 of the 
53 treated eyes (51%) have had choroi- 
dally fed neovascularization. Because 


several more patients have been lost 


to follow-up, these percentages repre- 
sent minimal figures. 
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In the 12 eyes treated with the 
argon laser in which choroidally fed 
neovascularization developed, the 
burn diameter was 50 to 100 um in 
four eyes, 200 um in seven eyes, and 
500 um in two eyes (one eye was 
treated with both 200- and 500-um 


burn diameters). It has been our clini- 
cal impression that small burn diame- 
ters are much more likely to cause 
choroidal hemorrhage and rupture of 
Bruch’s membrane with subsequent 
choroidally fed neovascularization. 
Experimental studies' have confirmed 
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this impression, and at present we use 
only a 500-um burn diameter. The 
duration of the burn in the eyes in 
which choroidally fed neovasculariza- 
tion developed was 0.2 to 0.5 s. In the 
ten eves treated with the xenon arc, 
the image field diaphragm aperture 
was 1.5?, except one eve was treated 
with the 3? aperture. The duration of 
the burn in these eyes was 0.3 to 1.5 s. 
Moderately intense to intense burns 
were applied to the feeder vessels in 
all cases. 





Analysis of the 21 eyes with choroi- 
dally fed neovascularization showed 
that complete closure of the retinal 
neovascularization was obtained in 
one treatment session in seven eyes. 
The remainder required two to three 
treatment sessions (many of these 
cases had very extensive retinal neo- 
vascularization). In four eyes (three 
patients), closure of the retinal neo- 
vascularization was not obtained be- 
cause the patient refused repeated 
therapy or was temporarily lost to 


follow-up. Fifteen of the 21 eyes with 
definite choroidally fed neovasculari- 
zation had had complications during 
treatment. Four had chorcidal hemor- 
rhaging with disruption of Bruch's 
membrane (three after argon laser 
and one after xenon arc treatment). 
One eye demonstrated retinal hemor- 
rhage. Thirteen of the eves with defi- 
nite choroidally fed neovasculariza- 
tion had choroidal ischem:a.* (Four of 
the six eyes with possible choroidally 
fed neovascularization also had pe- 


Fig 5.—Fluorescein angiogram (case 2, Table 1) shows leaking 
chorioretinal neovascularization. 


Fig 6.—Left, Fundus photograph demonstrates elevated choriovitreal neovascularization developing after argon 
laser photocoagulation (case 1, Table 2). Some vitreal bleeding has occurred. Right, Fluorescein angiogram 
shows perfusion of lesion through defect in Bruch's membrane with no connection to retinal circulation. 
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ripheral choroidal 
treatment.) 
Choroidaly fed neovascularization 
developed ene to three months after 
photocoagulation in nine eyes, four to 
12 months after photocoagulation in 
nine eyes, and as late as two to five 
years after photocoagulation in three 
eyes. Growth of the choroidally fed 
neovasculamzation in some patients 
was rapid, oecurrmng within several 
weeks of treatmert (Tables 1 and 2). 
In most, however, zhe evolution of the 


ischemia after 





choroidally fed neovascularization was 
slower, as verified by ophthalmos- 
copy and fluorescein angiography. 
Immediately after closure of the reti- 
nal neovascularization, the site of 
treatment demonstrated no fluores- 
cein leakage and variable staining of 
the treated vessel walls and the reti- 
nal pigment epithelium (Fig 1). 

A pigmented chorioretinal sear de- 
veloped during the next one to two 
months. In those scars that eventually 
demonstrated choroidally fed neovas- 


cularization, chorioretinal atrophy 
with pigmentary mottling was visible 
within the scar, often within three to 
five months (Fig 2, left). Fluorescein 
angiography of this area showed some 
irregular hyperfluorescence sur- 
rounded by pigmentary mottling and 
hyperpigmented scar tissue (Fig 2, 
right). These hyperfluorescent areas 
were initially located near the site of 
the feeder vessel closure. The nonper- 
fused retinal neovaseularization and 
the newly pigmented areas of periph- 





Fig 7.—Left, Elevated gray-white fibrovascular tissue in old xenon arc scar. Lesion 
was initially flat but spontaneously extended into vitreous cavity (case 9, Table 2). 
Right, Fluorescein angiogram shows complex pattern of vessels fed from choroid. 


Fig 8. —Elevated chosiovitreal neovascularization (arrow) devel- 
oped after treatment cf flat chorioretinal neovascularization (case 
5, Table 2). Some vitreous hemorrhage has occurred. 
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eral choroidal ischemia! were anterior 
to this area. 

Within the next several months, 
gray, gray-green, or whitish fibrovas- 
cular tissue grew within the scars (Fig 
3). Prominent choroidal vessels were 
sometimes visible. Very frequently, 
the peripheral hyperpigmented mar- 
gin of the chorioretinal scar was 
spared. This may be related to the fact 
that Bruch’s membrane was only dis- 
rupted in the central area of the scar. 
At this stage, fluorescein angiography 
in the early choroidal phase usually 
outlined the neovascular net (Fig 4 
and 5). Late views demonstrated pro- 
fuse leakage with staining of the adja- 
cent scar tissue. During the next few 
months, additional growth of the cho- 
roidally fed neovascularization within 
the fibrous scar tissue sometimes 
occurred. 

This clinical course represents the 
full development of the lesions so far 
in 11 eyes (Table 1; seven after xenon 
therapy, three after argon therapy, 
and one after treatment with both). 
This type of choroidally fed neovascu- 
larization was thus more common 
after xenon arc than argon laser ther- 
apy. Only one of these 11 eyes has 
been re-treated with photocoagulation 
(Table 1, case 11). In this: eye, the 
chorioretinal neovascularization has 
remained perfused. No vitreous ex- 
tension of the new vessels has been 
observed in the 11 eyes with follow-up 
periods of up to five years after photo- 
coagulation. Other than local bleeding 
in three eyes, no additional complica- 
tions have resulted. The final visual 
acuity in these eyes ranges from 20/20 
to 20/25. 

In ten eyes (eight originally treated 
with argon and two with xenon), the 
choroidally fed neovascularization 
grew through the scar tissue into the 
vitreous (Table 2; choriovitreal neo- 
vascularization). This type of neovas- 
cularization was more common after 
argon laser treatment. In seven of the 
ten cases, the choriovitreal neovascu- 
larization developed directly after 
treatment of the preretinal neovascu- 
larization (Fig 6). Four of the seven 
eyes initially showed flat chorioretinal 
neovascularization that subsequently 
grew spontaneously into the vitreous 
(Fig 7). In three of the ten eyes, the 
choriovitreal neovascularization de- 
veloped after an attempt to close flat 
chorioretinal neovascularization with 
further photocoagulation (Fig 8). 

Seven eyes with chorioretinal or 
choriovitreal neovascularization have 
been subsequently treated. As noted, 
one with persistent chorioretinal 
neovascularization underwent photo- 
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coagulation. It was unsuccessful in 
closing the perfused neovascular tis- 
sue. In six eyes with choriovitreal 
neovascularization that have under- 
gone repeated treatment (Table 2, 
cases 1 to 6), the neovascularization in 
four eyes could not be closed perma- 
nently, despite multiple treatment 
sessions with different modalities, 
including cryotherapy, intense photo- 
coagulation, and transscleral diather- 
my. Many treatments resulted in 
further growth of the choriovitreal 
neovascular tissue. Some  vitreous 
hemorrhage also was seen (four eyes). 
Hemorrhaging has recurred in three 
eyes. Traction retinal detachment has 
developed in three eyes, two with 
macular involvement. Final visual 
acuity in the eyes with choriovitreal 
neovascularization ranges from 20/25 
to 20/50, except in one case where the 
vision is 20/400. 

Only minimal vitreous extension 
has been noted in four eyes with cho- 
riovitreal  neovascularization that 
have not had additional photocoagula- 
tion (Table 2, cases 7 to 10). Thus, 
choriovitreal neovascularization was 
often seen after inadvertent or inten- 
tional treatment of  chorioretinal 
neovascularization after initial photo- 
coagulation of PSR. Repeated treat- 
ments seemed to stimulate the growth 
of these vessels, possibly worsening 
the visual outcome. Untreated chorio- 
retinal and even choriovitrea] neovas- 
cularization had a relatively good 
prognosis with only occasional further 
growth. 


COMMENT 


The development of choroidally fed 
neovascularization after retinal pho- 
tocoagulation has been noted in asso- 
ciation with several clinical disorders. 
Photocoagulation of posterior pole dis- 
eases, including central serous cho- 
rioretinopathy, atrophic scars in the 
presumed ocular histoplasmosis syn- 
drome," and other diseases of the reti- 
nal pigment epithelium,’ has produced 
subretinal (choroidal) neovasculariza- 
tion. In these conditions, it is often 
difficult to ascertain whether the 
neovascularization is part of the natu- 
ral history of the disease* or a compli- 
cation of photocoagulation. Choroidal- 
ly fed neovascularization has also been 
seen after photocoagulation of pa- 
tients with retinal vascular diseases 
(eg, sickle cell disease,” sarcoidosis,’ 
Eales’ disease," and diabetes melli- 
tus!'^'*). In these patients, the choroi- 
dally fed neovascularization is clearly 
a complication of photocoagulation, 
although vision is not always com- 
promised. 


Argon laser and xenon arc photo- 
coagulation of the feeder vessels in 
patients with PSR requires placement 
of very intense burns in the fundus. 
Because the energy of the photocoag- 
ulator is absorbed preferentially at 
the level of the pigment epithelium, 
high energies are required to close 
vessels in the retinal nerve fiber layer. 
At the time of this study, our treat- 
ment was very aggressive in attempts 
to close the neovascularization in one 
or two sessions. Thus, multiple, 
intense burns were placed. Occasional 
choroidal hemorrhages and explosions 
of pigment suggested that breaks in 
Bruch’s membrane were not rare. In 
fact, it is very likely that many of 
these burns resulted in disruption of 
Bruch’s membrane, which made it pos- 
sible for the chorioretinal and chorio- 
vitreal neovascularization to develop. 

Histopathologic studies of an eye 
treated with xenon arc photocoagula- 
tion for proliferative diabetic retinop- 
athy'? showed breaks in Bruch's mem- 
brane, destruction of the choriocapil- 
laries, and the growth of fibrovascular 
tissue fed from the choroid into the 
subretinal space and the damaged ret- 
ina. These findings probably repre- 
sent the histopathologic correlate of 
the chorioretinal neovascularization 
seen in our patients. 

It is not clear if factors other than 
the disruption of Bruch's membrane 
are necessary for the development of 
chorioretinal or choriovitreal neovas- 
cularization. Retinal ischemia present 
in the peripheral retina in patients 
with PSR may be worsened by treat- 
ment. This may have played a role in 
attracting choroidal vascular in- 
growth.'* Coagulation of the underly- 
ing choroidal vessels with the produc- 
tion of choroidal ischemia may also 
have been a contributing factor. 
In this respect, it is interesting that in 
this series, posttreatment choroidal 
ischemia was noted in 19 of the 53 
eyes (35%). Our follow-up study dem- 
onstrated that in 13 of the 19 eyes 
chorioretinal or choriovitreal neovas- 
cularization eventually developed in 
the treatment scars adjacent to the 
ischemic areas. Of course, eyes with 
extensive photocoagulation were more 
likely to show choroidal ischemia. 
Four of six eyes with possible choroi- 
dal neovascularization also showed 
choroidal ischemia. In only six of the 
34 eyes without verified choroidal 
ischemia after treatment did choroi- 
dally fed neovascularization develop. 

Other factors possibly influencing 
the development of choroidally fed 
neovascularization may be tissue de- 
struction and inflammation. Because 
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such intense burns are required, the 
resultant extensive tissue damage 
could result in an influx of inflamma- 
tory cells that have been implicated in 
the growth of neevascularization in 
other issues. Thus a combination of 
mechanical disruption of  Bruch's 
membrane, retinal schemia, choroidal 
ischemia, and perhaps inflammation 
may set the stage fer the development 
of ehoroidal vascular ingrowth after 
intense fundus phozocoagulation. 


TREATMENT IN 
SICKLE CELL DISEASE 


Because the goal of treatment in 
PSR i- the closure of retinal feeder 
vessels, a larger spst size (at least 500 
um) w;th a rather long duration of 
application (at leas: 0.2 to 0.5 s) should 
be used, and disruption of Bruch’s 
membrane and extensive tissue de- 
struction should be-avoided.' Only the 
minimam number ef burns necessary 
to obtain vascular closure should be 
used, and overly agrressive treatment 
should be avoided. If closure of the 
feeder-vessels cannot be obtained eas- 
ily, the patient should return in two to 
three weeks for repeated treatment of 
the newly pigmented treatment scars. 
Much lower energy levels placed with- 
in the sears will &Tect vascular clo- 
sure, zs a result o retinal thinning 
and pizmentary migration into the 
retina surrounding :he retinal vessels. 
These developments apparently make 
closure at this staze safer. Because 
the treatment zone is far in the 
periphery, damage to the nerve fiber 
layer does not usualy cause consider- 
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able loss of peripheral visual field, 
even after repeated treatment. In 
addition, histopathologie studies by 
Wallow and Davis’ have shown that 
moderately severe lesions with a pig- 
mented core have thick scar tissue in 
front of Bruch's membrane that may 
well protect it. Since using this two- 
stage technique of treatment, we have 
seen a lower incidence of choroidally 
fed neovascularization after argon 
laser photocoagulation, although the 
follow-up is much shorter than with 
the original technique.’ 

Choroidally fed neovascularization 
should be suspected in any recurrently 
or persistently leaking neovaseular 
lesion after treatment of PSR. Rapid- 
sequence fluorescein angiography is 
valuable for the detection of these 
early choroidal lesions, and may be 
the only way to differentiate between 
incompletely treated retinally fed or 
choroidally fed neovascularization. 

If chorioretinal neovascularization 
or small areas of choriovitreal neovas- 
cularization occur, we suggest no 
treatment in most cases. If untreated, 
the growth of such lesions is often 
negligible, and complications, such as 
vitreous hemorrhaging, are rare. Rap- 
id growth has been observed after 
attempted repeated treatment of 
these lesions, even when the re-treat- 
ment initially appeared to terminate 
the perfusion of the neovasculariza- 
tion. Repeated treatment sometimes 
converted chorioretinal neovasculari- 
zation to choriovitreal neovasculariza- 
tion. Treatment should probably be 
restricted only to rapidly growing cho- 
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riovitreal neovaseularization. The best - 4 
treatment modality (photocoagula- 
tion, cryotherapy, diathermy, etc)  — 


remains uncertain. 


Because the photocoagulation re- — 


quired for focal treatment of neovas- 
cularization in sickle cell disease is 
often intense, the occurrence of cho- 
roidally fed neovascularization can 
probably not be eliminated completely 
when this technique is used. Thus, 
feeder vessel photocoagulation of PSR 
carries considerable morbidity.'? Be- 
cause some cases undergo sponta- 
neous autoinfarction, we are presently. 
performing a randomized trial of 
feeder vessel photocoagulation in the 
disease. To date, 150 eyes have been 
entered in this study. N 

We are also investigating the possi- 
bility that less intense burns with a 
peripheral retinal scatter technique, 
similar to that used in treating diabet- 
ic retinopathy," could also cause 
regression of the preretinal neovascu- 
larization in sickle cell disease. At 
present, this theory is unproved. This 
technique presumably would reduce 
the frequency of choroidally fed neo- 
vascularization. | 
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Keratopathy Associated With Intracorneal Glass 


Mark J. Mannis, MD; Charles E. Fiori; Jay H. 


€ A progressive nonedematous kera- 
topathy developed in a 36-year-old patient 
after she was struck in the eye by glass 
fragments. Biopsy material that was 
examined by electron microscopy and 
electron beam microanalysis demon- 
strated the presence of intracorneal glass 
fragments, which could not be detected 
clinically. Retained intracorneal glass, 
generally thought to be completely inert, 
can be associated with a chronic keratop- 
athy. 

(Arch Ophthalmol 1981;99:850-852) 


lass accidents have generated nu- 

merous reports of intracorneal 
and intraocular glass foreign bodies.' 
Glass is generally considered inert, 
and the corneal damage that results 
from shatter accidents is related ei- 
ther to frank laceration or to corneal 
decompensation from long-term me- 
chanieal irritation of the endothelium 
by glass fragments in the anterior 
chamber.* To our knowledge, nonede- 
matous keratopathy associated with 
glass foreign bodies has not been 
described in the literature. Herein, we 
report an unusual case of progressive 
keratopathy associated with the pres- 
ence of intracorneal glass. 


REPORT OF A CASE 


A 36-year-old woman was struck in the 
left eye by glass fragments from a depart- 
ment store display case, which shattered 
nearby. The accident occurred in October 
1977, at which time she was examined by 
an ophthalmologist who performed an 
external debridement and found no intra- 
ocular foreign body. In February 1978, the 
patient complained of "lighting streaks" 
and was examined at the Retina Service in 
the Department of Ophthalmology, Uni- 
versity of Iowa Hospitals, Iowa City. Her 
general medical history was noncontribu- 
tory. Her visual acuity was 6/7.5 OD and 
6/9 OS. Results of examination of the oc- 
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Fig 1.—Slitlamp photograph shows subepi- 
thelial opacification. 





Fig 3.—Superficial corneal stromal scar 
(toluidine blue, x 330). 


Fig 2.—Superior tarsal concretions. 
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ular adnexa were normal. The right cornea 
was normal. Slitlamp biomicroscopy of the 
left cornea disclosed a central anterior 
corneal haze. Gonioscopy, echography, and 
fundus examination did not show any 
abnormalities. Intraocular pressures were 
14 mm Hg in the right eye and 15 mm Hg 
in the left eye by applanation. 

Two months later, the patient was seen 
again and complained of progressively 





decreasing vision. Her visual acuity was 
6/6 OD and 6/12— OS. The corneal exami- 
nation showed pannus formation inferona- 
sally and a central, gray subepithelial de- 
posit consistent with band keratopathy. 
During the ensuing four months, her visual 
acuity in the left eye dropped to 6/21, and 
there was progressive subepithelial opacity 
(Fig 1). By March 1979, the patient’s visual 
acuity in the left eye had decreased to 


Keratopathy—Mannis et al 


eS 


L. ," 
= fF 





Fig 4.—lrregular electron-dense foreign body (asterisks) in area of stromal scar ( x 35,100). 


6/30. At that time, concretions were noted 
along the superior ecge of the left upper 
tarsus (Fig 2). She also complained of 
decreased visual acuity. in the uninjured 
right eve, which was normal on examina- 
tion. She was refezred to the Neuro- 
Ophthalmology Service, University of Iowa 
Hospitals, where her visual acuities were 
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found to be 6/9 OD and 6/9 + OS. Findings 
were consistent with functional visual loss 
in the right eye. The functional component 
also apparently contributed to the inconsis- 
tent visual acuities that were measured in 
her injured left eye. 

Because of the progressive unexplained 
subepithelial corneal haze and vasculariza- 


tion in the left eye, two L5-mm Elliot 
trephine biopsy specimens from the area of 
subepithelial haze were excised for histo- 
logic examination. In addition, a sample of 
the superficial corneal-conjunctival pannus 
was removed. Biopsy of the tarsal concre- 
tions was considered; however, the patient 
was no longer available for examination. 
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Results of Electron Beam X-Ray 
Microanalysis 






Weight Fraction, g | 
0.085 + 0.004 


Mg 0.018 + 0.0007 
Al 0.007 + 0.0004 
Si 0.375 + 0.01 

K 0.0045 + 0.0002 
Ca 0.061 + 0.003 
Pb 0.0036 + 0.0002 


0.498 


The patient’s condition demonstrated no 
obvious further progression by September 
1979. Throughout this period, her right eye 
remained objectively normal. 


MATERIALS AND METHODS 
Histologic Examination 


Biopsy specimens were prepared for 
both light and electron microscopy. The 
tissue was fixed in 2.5% buffered glutaral- 
dehyde, postfixed in 1% osmium tetroxide, 
dehydrated in ascending concentrations of 
alcohols, and embedded in epoxy resin 
(Epon). Thick sections (1 um) were stained 
with toluidine blue. Thin sections on copper 
grids were stained with uranyl acetate and 
lead citrate. 


Electron Beam 
X-Ray Microanalysis 


Unstained sections were examined on 
carbon-coated nylon grids for energy-dis- 
persive x-ray analysis. This technique con- 
sists of comparing the characteristic elec- 
tron-excited x-ray intensities of the chemi- 
cal elements in a specimen to the elemental 
components of a standard. Ratios are 
obtained and are converted to an elemental 
assay of a localized microvolume, which 
may contain as small a quantity as 10-'* g 
of the element that is being analyzed. 

The analysis was performed in two steps. 
First, a mounted and polished fragment of 
glass identical to that in the shattered 
display case was analyzed in an electron 
beam microanalyzer.' The standards used 
for the analysis of the elements, magne- 
sium (Mg), aluminum (Al), and silicon (Si), 
in the bulk glass were the simple oxides, 
MgO, ALO,, and SiO., respectively. The salt 
potassium chloride (KCl) was used as a 
standard for K. The National Bureau of 
Standards reference glasses,’ K409, K412, 
and K227, were used as standards for the 
elements sodium, calcium, and lead. Oxy- 
gen was determined by stoichiometry. 
Analysis of 25 points over the surface of 
the polished specimens demonstrated the 
bulk glass to have the composition shown in 
the Table. 

The second step in the analysis was the 
characterization of any glass fragments in 
the microsections of the biopsy specimen. 
The standard used here was finely ground 
particles of the previously characterized 
display case glass. The instrument used for 
the x-ray microanalysis was a 200-keV 
analytical electron microscope.’ Ten stan- 
dard electron microscope grids containing 
approximately 55 serially cut sections were 
examined. 
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RESULTS 
Light Microscopy 


The light microscopic examination 
of the thick sections at multiple levels 
showed irregularity of the epithelium 
and Bowman's layer and a superficial 
stromal scar (Fig 3). 


Electron Microscopy 


Mieroscopy showed an irregular 
electron-dense foreign body that was 
surrounded by disarray of stromal col- 
lagen and fibroblasts in the area of 
the stromal scar (Fig 4). 


Electron Beam 
X-Ray Microanalysis 


The single fragment shown in Fig 4 
was found in the leading section 
(closest to the surface of the eye). 
Glass was not found in any of the 
other sections. Figure 4 is a bright- 
field scanning transmission electron 
micrograph of the area in which the 
glass fragment was found. The frag- 
ment, identified by the asterisks in 
Fig 4, measures 1 um in diameter. The 
section thickness is approximately 
1.00 um. A comparison of the charac- 
teristic x-ray intensities of this frag- 
ment to those intensities from several 
equivalently sized fragments of the 
ground reference glass demonstrated 
good qualitative agreement. 


COMMENT 


Reports of intracorneal and intraoc- 
ular glass fragments are abundant in 
the ophthalmic literature. The clinical 
findings of intracorneal glass are well 
described.'* Glass has demonstrated 
its biocompatability with ocular tis- 
sues and that it can remain in the 
cornea for long periods without incit- 
ing a pathologic tissue response. 
However, corneal edema has been 
described in association with intracor- 
neal and intracameral glass foreign 
bodies.-*" These cases have been 
attributed to mechanical irritation 
from intracameral glass, with subse- 
quent endothelial decompensation. 
The results range from low-grade cor- 
neal edema to severe bullous keratop- 
athy and it is sometimes associated 
with an iridocyclitis."* The corneal ede- 
ma generally develops months to 
years after the initial injury and, 
depending on the extent of the dam- 
age to the corneal endothelium, 
improves when the source of irritation 
is removed.*^^^ Corneal edema, local- 
ized inferiorly, has been demonstrated 
as a finding that should arouse suspi- 
cion of the presence of a foreign body 
in the inferior chamber angle." 

To our knowledge, the present 


report represents the first description 
of a nonedematous keratopathy asso- 
ciated with microscopically demon- 
strable intracorneal glass fragments. 
In addition to the keratopathy, a pecu- 
liar conjunctival degenerative process 
developed on the superior tarsus of 
the patient's same eye. 

Electron beam microanalysis has 
demonstrated that the glass involved 
in this patient had no unusual chemi- 
cal composition. This research tool 
proved useful for the detection of a 
foreign body that could not be demon- 
strated clinically. It is uncertain why 
the progressive subepithelial corneal 
haze or the conjunctival concretions 
developed in this patient. Indeed, 
there is no evidence that the peculiar 
keratopathy in the present case is the 
direct result of fine particles of intra- 
corneal glass. An alternative explana- 
tion is the presence of chemical sub- 
stances, other than glass components, 
which may have entered the eye at the 
time of the accident and which have 
eluded detection. However, the biopsy 
demonstration of the glass fragment 
in this area suggests that the glass 
foreign body is the inciting agent. 
Long-term follow-up will be necessary 
to determine whether the process is 
further progressive. 

While glass is generally thought to 
be biologically inert, it may be associ- 
ated with a slow chronic tissue 
response in the cornea and should be 
considered in the context of such a 
peculiar keratopathy. 
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Radiotherapy for Idiopathic Inflammatory 


Orbital Pseudotumor 


Indications and Results 


Robert C. Sergott, MID; Joel S. Glaser, MD; Komanduri Charyulu, MD 


€ Supervoltage radiotherapy was used 
in 21 arbits of 19 patients with idiopathic 
inflammatory orbital 2seudotumor. Seven- 
teen arbits (15 patients) were initially 
treatec with systemic corticosteroids, but 
recurrence of orbital inflammation during 
dosage tapering was the most frequent 
indication for radiotherapy. Fifteen orbits 
(14 patients) responded favorably, as 
judged by reduced proptosis, decreased 
lid edema and conjunctival injection, 
improved ocular mctility, and increased 
visual acuity. Six orbits (five patients) did 
not improve with radiotherapy. Patients 
who were successfully treated with radio- 
therapy have been free of recurrence for a 
mean ‘ollow-up period of 25.05 months; 
these patients have not required further 
corticosteroid treatment or additional ra- 
diotherapy. Low-dose (1,000 to 2,000 rad) 
supervoltage radiotherapy seems to have 
a definite role in the management of idio- 
pathic orbital pseudetumor in the follow- 
ing instances: (1) when corticosteroids 
fail or systemic complications are unac- 
ceptabie, (2) when signs and symptoms 
recur during decressing corticosteroid 
dosage. and (3) when systemic cortico- 
steroids are medicalw contraindicated. 

(Arch Ophthalmol 1981;99:853-856) 
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[9iopathie inflammation that may 

affect any or all soft-tissue compo- 
nents of the orbit defines the clinico- 
pathologie entity of "pseudotumor." 
While one form of pseudotumor shows 
a generalized lymphocytic infiltration 
as the principle histopathologic find- 
ing, other types of pseudotumor are 
characterized by fibrovasculitis, myo- 
sitis, and dacryoadenitis. However, 
the capacity to mimic a true orbital 
neoplasm with chemosis, proptosis, 
pain, conjunctival injection, and re- 
stricted ocular motility is the unifying 
theme of this common if somewhat 
diverse clinical entity. In the present 
study, we were not concerned with 
orbital involvement as part of well- 
defined systemic disorders, eg, sarcoi- 
dosis, tuberculosis, polyarteritis nodo- 
sa, or Wegener’s granulomatosis; 
rather, our study was limited to 
patients who were initially seen with 
purely isolated idiopathic orbital pseu- 
dotumor. 

As with most immunologic inflam- 
matory disorders, orbital pseudotu- 
mor is usually treated with systemic 
corticosteroids. On the other hand, 
conflicting data with regard to the 
efficacy of radiation therapy for this 
condition have been recorded.** The 
purpose of this study is to establish 
that low-dosage, supervoltage radio- 
therapy is a safe, effective treatment 
modality for orbital pseudotumor and 
that, in certain clinical situations, it is 
preferable to corticosteroids. 


PATIENTS AND METHODS 
Patients 


We reviewed the records of 19 patients 
(two patients had bilateral disease) with a 
diagnosis of idiopathic inflammatory orbi- 
tal pseudotumor; these patients were seen 
at the Bascom Palmer Eye Institute, 
Miami, from 1974 through early 1980. The 


diagnosis of orbital pseudotumor was 
established by the following clinical crite- 
ria: relatively acute painful proptosis, lid 
and conjunctival edema, restrictive oph- 
thalmoplegia, and ultrasonographic and 
computed tomographic (CT) seans consis- 
tent with inflammation. The diagnosis was 
one of exclusion, made only after neuro- 
ophthalmologic, medical, and radiologic 
evaluation had eliminated the possibility of 
primary or metastatic orbital neoplasms, 
Graves’ ophthalmepathy, Wegener’s gran- 
ulomatosis, polyarteritis nodosa, tuberculo- 
sis, contiguous sinus infection, or orbital 
foreign body. Biopsy specimens confirmed 
the diagnosis in 13 instances. The surgical 
approach in all but two patients was simple 
anterior, transseptal orbitotomy with local 
anesthesia. Follow-up data were obtained 
by personal reexamination in 17 of 19 
cases; information for the remaining cases 
was obtained fram records provided by 
referring physicians. 


Radiotherapy Protocol 


Supervoltage (4-meV) irradiation in a 
total dose of 1,000 to 2,008 rad in seven to 
ten fractions during a ten- to 15-day treat- 
ment period was delivered to the orbits of 
all patients through a lateral port that was 
centered at the orbital apex.’ Two patients 
also received irradiation through an ante- 
roposterior port. Twelve patients received 
treatment at the University of Miami 
School of Medicine, and seven patients 
received treatment at other nearby institu- 
tions. One of us (K.C.) supervised and 
coordinated all details that related to radio- 
therapy; complete records were available 
for all cases. 


RESULTS 


The study population included 12 
female and seven male patients (21 
orbits), ranging in age from 10 to 83 
years (average age, 54 years). Table 1 
summarizes the clinical characteris- 
tics of these patients. Seventeen of 19 
patients had an orbital mass that was 
demonstrated by B-scan ultrasonogra- 
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Case/Age, Initial Symptoms and 
yr/Sex Eye(s) Referral Diagnosis Medical History 
1/52/M OS Vertical diplopia; None 
thyroid eye disease 
2/73/F OS Ptosis; Insulin-dependent 
thyroid eye disease diabetes mellitus, 
cataract OD 
3/59/F OD Pain, proptosis; Multiple sclerosis 
no diagnosis 
4/23/F OU Pain, recurrent Oral contraceptives 
proptosis; migraine 
5/56/M OD Pain, proptosis, Absolute IgA deficiency 
ptosis; 
orbital pseudotumor 
6/35/F OS Pain, proptosis, Pseudotumor cerebri, 
decreased visual acui- prednisone therapy 
ty, optic atrophy; 
orbital apex syndrome 
7/38/M OD Pain, proptosis; None 
thyroid eye disease 
8/57/F OD Pain, proptosis; Asthma 
no diagnosis 
9/63/F OD Ptosis, proptosis; Systemic lupus 
no diagnosis erythematosus 
10/75/F OS Proptosis, lid edema; Hypothyroidism 
thyroid eye disease 
11/64/F OD Proptosis, lid edema; None 
no diagnosis 
12/71/M OS Proptosis, decreased None 
vision; 
lymphoma 
13/25/M OD Pain, proptosis; Aseptic uveomeningeal 
orbital pseudotumor syndrome with chronic 
atrophic papilledema OU, 
chiasmal exploration for 
nonspecific arachnoiditis 
14/66/M OD Vertical diplopia; None 
hematoma 
15/83/F OS Proptosis; None 
lacrimal gland tumor 
16/27/F OS Pain; Recurrent iritis and 
orbital pseudotumor vitritis 
17/75/M OD Proptosis; Myocardial infarction, 
no diagnosis chronic obstructive 
pulmonary disease 
18/74/F OS Pain; Insulin-dependent diabetes 
allergy mellitus 
19/10/F OU Pain, proptosis; Meningitis at 4 mo of age, 


no diagnosis 


*CT indicates computed tomography; US, orbital ultrasound; LHT, left hypertropia; RHT, right hypertropia; XT, exotropia; HM, hand movements; CF, € 


counting fingers; RET, right esotropia. 


choroidal osteoma OD 


Table 1.—Clinical Characteristics of 


Location of Mass Surgical Approach; 


CT: panorbital Lateral (Kronlein) 
CT: superior 

CT: medial Superior 

US: myositis, OU 

CT: medial Superior 

US: medial 

CT: retrobulbar 

No CT or US 

US: superior Superior 

US: medial Superior lateral 
US: superotemporal Superior lateral 
US: temporal Temporal 

CT: temporal Lateral (&rónlein) 
CT: inferior, retrobulbar Inferior 

US: superotemporal Temporal 

CT: retrobulbar Superior 

CT: posterior retrobulbar Superior 

CT: retrobulbar 

CT/US: retrobulbar Superonasal 


+All surgical approaches were anterior transseptal orbitotomies with local anesthesia except cases 1 and 13. 


phy or a CT scan. A systemic lympho- 
ma eventually developed in two of the 
19 patients whose conditions were 
diagnosed initially as orbital pseudo- 
tumor. Review of the pathologie speci- 
mens in these two cases did not dis- 
close a histopathologie pattern that 
would have suggested a malignant 
outcome. 

Criteria that were used to define 
clinieal improvement were established 
as follows: reduction in proptosis, 
decreased lid edema and conjunctival 
injection, improved ocular motility, 
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and increased visual acuity. Fifteen 
orbits (14 patients) responded favor- 
ably to local radiation therapy (Table 
1) and have been free of recurrent 
orbital disease for a mean follow-up 
period of 25.05 months. Six orbits (five 
patients) failed to improve with radio- 
therapy. 


Relation of Corticosteroid 
and Radiation Responsiveness 


Seventeen orbits (15 patients) ini- 
tially were treated with systemic cor- 
ticosteroids (Table 2). An inability to 


maintain the inflammatory disorder 
in remission, despite multiple at- 
tempts at tapering regimens, was the 
most common reason to discontinue 
corticosteroid therapy (ten orbits). 
Nine orbits (eight patients) that ini- 
tially improved with corticosteroids 
ultimately responded favorably to 
radiation therapy. Two corticosteroid- 
resistant cases achieved complete 
remission with low-dose, supervoltage 
radiotherapy. However, corticosteroid 
responsiveness was not necessarily an 
accurate predictor of radiation suc- 
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'atients With Orbital Pseudotumor* 





Visual Acuity 
Biopsy 
Findings Initial Final 
Noncaseating 20/15 20/20 
granulomatous 20/15 20/20—2 
20/100 20/100 
20/30 20/30 
Chronic myopathy 20/60 20/40 
with focal fibrosis, 20/60 20/40 
lymphocytic — 
aggregation — 
| 20/15 20/15 
| 20/25—2 20/25 
Lymphoid hyperplasia — 20/20 20/20 
| 20/20 20/20 
20/20 20/20 
20/200 20/200 
20/20 20/20 + 
20/15 20/15 
20/20—3 20/20 
20/20 20/20 
Acute and chronic 20/25 20/25 
inflammation — 20/20— 20/20 
Lymphoid hyperplasia — 20/25 20/25 
20/20—3 20/20—3 
Inflammatory 20/25—2 20/20 
pseucotumor 20/25 20/20 
Lymphoid hyperplasia 20/30—2 20/20—1 
20/50 + 2 20/20 
Chronic inflammation HM HM 
with hyalinizing fi- CF—1' CF—1' 
brosis 
Atypical lymphoretic- 20/25 20/25 
ular hvperplasia 20/20 20/20 
Pseudoiymphoma 20/30 20/30 
20/40 20/30 
Nonspecific 20/15 20/15 
inflammation 20/25 20/25 
Pseudolymphoma 20/20 20/20 
20/20— 20/20— 
20/30 + 2 20/30+ 2 
20/40 20/20 
Inflammatory 20/20 20/20 
pseucotumor 20/20 20/20 


Motility 





Initial 
3 LHT, no depression 


20% elevation, 75% 
depression 


Frozen globe 


20% abduction OS 


5 RHT, 14 XT, 70%- 
90% limited in all 
fields of gaze 

No elevation, 20% ad- 
duction and abduc- 
tion, 50% depres- 


Final 
No change 


Full 


No upgaze, 80% la- 
teral, 20% medial, 
9096 downgaze 


Full 
Full 
20% upgaze, 80%- 


90% medial and la- 
teral, 50% down- 


sion gaze 
20 LHT, no depres- 40 LHT 
sion 
40% limitation in all Full 
fields of gaze 
40% elevation No change 
Full Full 
50% elevation and Full 
abduction 
Full Full 
Frozen globe No change 
20 RHT, 75% depres- Full 
sion 
20% elevation Full 
50% abduction, 20%- Full 
30% elevation up- 
gaze 
30 LHT, 4 RET No change 
60% limited in all Full 
fields of gaze 
50% limited in all No change 


fields of gaze 


cess, since four orbits (three patients) 
that initially responded to oral predni- 
sone were not controlled with irradia- 
tion. Two orbits (two patients) were 
unresponsive to beth corticosteroids 
and radiotherapy (Table 1, cases 1 and 
13). | 

Four orbits (Table 1, cases 10, 15, 17, 
and 18) were successfully treated ini- 
tially with radiotherapy; in these 
cases, ‘here were distinct contraindi- 
cations (recent myecardial infarction, 
congestive heart failure, or insulin- 
dependent diabetes) to high-dose sys- 
temic eorticosteroids. 
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Orbital Radiation Response 
and Systemic Lymphoma 


Although a systemic lymphoma ev- 
entually developed in two patients 
(Table 1, cases 14 and 15), the orbital 
lesions responded dramatically to low- 
dose radiotherapy (2,000 rad) As 
judged by the usual histopathologic 
criteria? for idiopathic inflammatory 
orbital pseudotumor, review of these 
biopsy specimens failed to implicate a 
neoplastic process. No recurrence of 
orbital disease has occurred in either 
patient during follow-up periods of 12 
and 15 months. Within three months 





Irradiation 
Follow-up, Dosage, Rad 
mo (Response) 
52 1,400 (negative) 
37 2,000 (positive) 
22 2,000 (positive) 
27 1,600 (positive) 
38 1,050 (positive) 
30 2,000 (positive) 
52 2,000 (negative) 
52 1,600 (positive) 
33 1,600 (negative with re- 
currence) 
61 1,400 (positive) 
12 2,000 (positive) 
33 2,000 (positive) 
10 2,000 (negative) 
12 2,000 (positive) 
15 2,000 (positive) 
6 2,000 (positive) 
3 2,000 (positive with re- 
duction in proptosis by 
4 mm, decreased pain, 
and congestion) 
4 1,800 (positive) 
6 2,000 (negative) 


Table 2.—Response to 
Corticosteroids as 
Indication for Radiotherapy 


Corticosteroid 
Response 
improvement with 

relapse 
Improvement with 

side effects* 
No improvement 





*One corticosteroid psychosis, one cushing- 
oid, one pseudotumor cerebri. 
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of radiotherapy, diffuse histiocytic 
lymphoma developed in case 14 (Table 
1). Within six months of radiotherapy, 
poorly differentiated follicular lym- 
phoma developed in case 15 (Table 1). 
This short interval to evolution of 
lymphoma at extraorbital sites is in 
sharp contrast with the long mean 
follow-up interval of 25.05 months of 
the entire study population. 


COMMENT 


Although supervoltage, low-dose ra- 
diotherapy is an accepted therapeutic 
approach for the dysthyroid optic neu- 
ropathy of Graves’ disease, this 
form of therapy has been somewhat 
neglected in the management of idio- 
pathic inflammatory orbital pseudotu- 
mor. Anecdotal reports,* citing vari- 
able success but lacking long-term fol- 
low-up data, have indicated the poten- 
tial value of radiation therapy in this 
condition. Kennerdell and associates’ 
provided conclusive evidence that ra- 
diotherapy in a dosage of 2,500 to 
3,000 rad during a ten-day period was 
successful in treating orbital lym- 
phoid hyperplasia. In that series, the 
conditions of ten patients improved 
with local radiotherapy; three pa- 
tients’ conditions had been unrespon- 
sive to corticosteroids, two patients’ 
conditions had been partially respon- 
sive to corticosteroids, and five pa- 
tients were treated initially with radi- 
ation therapy. 

Our series differs from that re- 
ported by Kennerdell et al,’ principal- 
ly in the dosage of radiation therapy. 
The patients in our study received 
only 1,000 to 2,000 rad, as dictated by 
the success of this regimen in treating 
the orbital inflammatory disease that 
accompanies dysthyroid optic neurop- 
athy.'* Theoretically, lower dosages 
are less likely to produce the ocular 
complications of radiation therapy,” ° 
and it is possible that the patients in 
our study who failed to respond to 
low-dose irradiation may have bene- 
fited from the high-dose protocol. In 
our series, a lateral port that was 
centered at the orbital apex? was used, 
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which spared the anterior ocular seg- 
ment; only two patients received addi- 
tional radiation through an anteropos- 
terior port. In contrast, Kennerdell 
and colleagues’ treated eight of ten 
patients via an anterior or anterolat- 
eral port; the radiotherapy port was 
not specified in two other patients in 
their study. | 

Of the 21 orbits that were irradiated 
in the present series, 15 orbits had a 
beneficial response, as judged by a 
decrease in proptosis, chemosis, and 
lid congestion and by improvement in 
visual acuity and ocular motility (Ta- 
ble 1). The prevention of recurrent 
symptoms was as important as the 
often dramatically rapid improve- 
ment. In our study, each patient 
whose condition improved with radia- 
tion treatment has not required fur- 
ther corticosteroid treatment or sub- 
sequent radiotherapy. The long-term 
follow-up period of 25.05 months in 
our study (the follow-up period in 
Kennerdell and colleagues’ series? was 
not specified) without recurrence is 
extremely encouraging, especially in a 
condition that often is characterized 
by a pattern of exacerbations when 
corticosteroid therapy is tapered or by 
recurrence at variable intervals. 

Our data confirm the results re- 
ported by Kim and Roth* and by Ken- 
nerdell et al, demonstrating the ben- 
eficial effects of radiotherapy. This is 
contrary to Henderson and Farrow's? 
description of "equivocal results" in 11 
patients who were treated with ortho- 
voltage and supervoltage irradiation, 
and it is also contrary to the opinion of 
Jakobiee and Jones? who advocated 
the "judicious use" of radiotherapy, 
only after corticosteroid treatment 
has failed. 

The issue of an effective alternative 
to corticosteroids is highlighted by our 
findings. Recurrence of signs and 
symptoms while corticosteroids were 
tapered was the most common indica- 
tion to seek another treatment modal- 
ity (Table 2). Radiotherapy precludes 
the substantial morbid cardiovascular, 
metabolie, and gastrointestinal tract 
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complications of systemic corticoste- 
roid therapy. During a reasonably 
long-term follow-up period, low-dose 
radiotherapy has not produced any 
detectable adverse effects on the eye- 
lids, cornea, lens, retina, or optic 
nerve. 

Since orbital pseudotumor may be 
divided into corticosteroid-responsive 
and corticosteroid-resistant forms, 
there is apparently a similar, although 
not identical, division with regard to 
response to radiation therapy. We 
would conclude that corticosteroid 
failure does not predict radiotherapy 
failure, as evidenced by two cortico- 
steroid-resistant cases in our study 
that rapidly responded to irradiation. 
Conversely, radiation did not control 
four patients' conditions that had 
clinically improved while they were 
receiving large doses of corticoste- 
roids, but their conditions could not be 
maintained in remission during at- 
tempts at decreasing prednisone dos- 
age. The occurrence of radiation-sen- 
sitive and radiation-resistant forms of 
orbital pseudotumor is not unexpected 
when the differential effect of irra- 


 diation on various lymphocyte subpop- 


ulations is recalled." Immunopatho- 
logic analysis, as initially described by 
Knowles et al,' and further elucidation 
of the immunologic mechanism(s) that 
are involved may eventually allow the 
clinician to select the smgle most 
appropriate therapy for individual 
patients with the orbital pseudotumor 
syndrome. 

The present study indicates that 
low-dose, supervoltage radiotherapy 
has a distinct role in the management 
of orbital pseudotumor, especially 
when corticosteroid therapy fails, 
when signs and symptoms recur dur- 
ing decreasing corticostereid dosage, 
and when systemic corticosteroids are 
medically contraindicated. Moreover, 
response to irradiation is often dra- 
matically rapid after months of corti- 
costeroid regimen manipulations. 
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Clinicopathologic Case Report 








Multifocal Choroidal Melanoma in Ocular Melanocytosis 


Gary A. Pomeranz, MD; Ann H. Bunt, PhD; Robert E. Kalina, MD 


9 


© A 29-year-old white woman had ocu- 
lar metanocytosis with scleral pigmenta- 


tion and a diffuse choroidal nevus. The - 
eye was enucleated because of two chor- 


oida! tumors. Light and electron micros- 
copy showed two separate choroidal 
melanemas with different cytologic char- 


acteristics. The extreme rarity of multi- - 
centric choroidal melanomas supports - 
the belief that ocular melanocytosis pre- - 


disposes to malignancy. 
(Arch Ophthalmol 1981;99:857-863) 


j 
Í 


| 
Qer melanocytosis is an unusual 


state characterized by a type of 
blue nevus-of the episclera and sclera, 
frequently associated with nevus cells 
and involving much of the uveal tract 
(diffuse choroidal nevus).* In many 
cases, pigmentation is present at 
birth, while in some instances it may 
not be noted until later in life.? 
Although this condition usually occurs 
sporadically, an unusual dominant 
hereditary pattern has been docu- 
mented,’ Epithelial pigment of the 
conjunctiva and retina typically is not 
involved. | 
Normally, pigmentation is unilater- 
al and. if periocular tissues also are 
involved with a deep dermal nevus 
(usually in the distribution of the first 
and second divisions of the trigeminal 
nerve), the combination is known as 
oculodermal melanocytosis or the ne- 
vus of Ota. This condition occurs most- 
ly in heavily pigmented races, in 
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whom malignant change is not often 


documented.? In whites, malignant 


melanomas have been reported in the 
skin and orbit but are generally with- 
in the uvea. 

. We report two separate choroidal 
melanomas in an eye with ocular 
melanocytosis. 


REPORT OF A CASE 
Clinical Data 


A 29-year-old white woman's vision 
decreased in her right eye. Slate-blue epi- 
scleral pigmentation in the upper temporal 
quadrant of the right eye was barely 
detectable. 

The posterior fundus of the right eye 
was dark gray compared with the orange 
color of the normal left eye or the far 
periphery of the right eye. In the supero- 
temporal periphery of the right fundus was 
a 10-disc-diameter, heavily pigmented 
choroidal mass (tumor A) with drusen and 
orange pigment on its surface. Located at 
the level of the superotemporal vascular 


arcade, directly above the fovea, was a. 


separate, lightly pigmented 4-disc-diame- 
ter choroidal mass (tumor B) with promi- 
nent orange pigment on its surface. A 
shallow detachment of the retina extended 
from tumor B into the macular area. 

Fluorescein angiography confirmed the 
presence of two different choroidal tumors 
(Fig 1). 

The right eye was enucleated, fixed in a 
2% formaldehyde solution, 1.25% glutaral- 
dehyde in 0.1M phosphate buffer, and pro- 
cessed by standard paraffin and epoxy 
resin embedding techniques for light and 
transmission electron microscopy. 


Light Microscopy 


The anterior segment of the eye was 
normal by microscopic examination. In the 
areas of the hyperpigmented choroid, 
melanocytes were distributed sparsely 
throughout the sclera. Anteriorly, the cho- 
roid was of normal thickness and pigmen- 
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tation; beginning in the region of the 


equator, it became densely packed with 


plump fusiform nevus cells (Fig 2). Arising 
from this diffuse choroidal nevus were two 
separate pigmented tumors. The anterior 
lesion (tumor A) in the superotemporal 
quadrant was heavily pigmented and 
arranged in a palisading or fasicular 
fashion. Most cells were spindle B type 


with a few spindle A-type cells adjacent to - 


the underlying sclera (Fig 3, left and 


right). Rarely did cells show epithelioid 


characteristics. f 

The posterior lesion (tumor B} showed 
only patchy pigmentation with many more 
heterogeneous cell groupings. Most of the 
cells were spindle B type, but areas of 
epithelioid cells and numerous tumor giant 
cells with large, atypical nuclei and varying 
amounts of cytoplasm were found (Fig 4, 
left and right). The retinal pigment epithe- 
lium over each tumor was intact and 
showed some proliferation. There was a 
serous retinal detachment overlying each 
tumor and extending into the fovea from 
tumor B. Neither tumor showed scleral 
invasion. | 

Serial sections confirmed that the two 
tumors were completely separated by 
normal, though hyperpigmented, choroid 
(Fig 5). 


Electron Microscopy 


The zones of the sclera that appeared 
slate blue were comprised of typical colla- 
gen lamellae and elastic fibers, as well as 
atypical pigmented cells (Fig 6 through 8). 
These cells were stellate with long, atten- 
uated processes that ramified among the 
layers of collagen. The nuclei were ovoid or 
pleomorphic with prominent nucleoli, and 
centrioles frequently were observed (Fig 
7). The pigment granules within a given 
cell varied in size, shape, and density. Some 
cells contained fine granules resembling 
immature melanin, while others contained 
clumps of coarser granules (Fig 8). 

Heavily pigmented tumor A contained 
closely packed cells that were stellate or 
ovoid in shape (Fig 9). The nuclei were 
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Fig 1.—Composite fluorescein angiogram, right eye. Peripheral mass (tumor A, straight arrows) shows 
blocked fluorescence with transmitted hyperfluorescence in center. Tumor B (black arrows) shows 
fluorescein leaks on surface contributing to secondary retinal detachment (curved arrows). 


Fig 2.—Dark-field photomicrograph of retina (R), pigment epithe- 
lium (PE), choroid (C), and sclera (S) at region of equator. 
Regions of high melanin content appear bright white with this 
method. Increased pigmentation of choroid to the right of asterisk 
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lin-eosin, original magnification x 75). 
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d almost entirely of heavily pigmented cells arranged in palisades (hematoxylin-eosin, 
original magnrication x 200). Right, Palisading pigmented spindle B cells (right side) and melanin-filled macrophages 


(left side) are found in tumor A (methylene blue and azure ll stained 1-um plastic section, original magnification 
x 750). 
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Fig 4.—L»ft, Tumor B is composed of spindle B and epithelioid cells that are less pigmented than tumor A 
(hematozylin-eosin, original magnification x 200). Right, Several giant tumor cells showing nuclear atypia 

from tumor B (methylene blue and azure ll stained 1-um plastic section, original magnification x 750). 
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Fig 5.—A section iesbiig through tumors A (right) and B (left) that Fig 6.—Atypical stellate cells filled with melanin granules are 

are separated by nermal, though hyperpigmented, choroid prominent in sclera that was slate blue clinically (methylene blue 

(hematoxylin-eosin, orginal magnification x 12). and azure ll stained 1-um plastic section, original magnification 
x 750). 
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Fig 7.—Transmission electron micrograph of sclera showing pigmented stellate cells with 
pleomorphic nuclei (n) (uranyl acetate and lead citrate, original magnification x 6,500). 


rounded or somewhat indented and con- 
tained large, prominent nucleoli. Both 
immature and mature melanin granules 
filled most cells, although some contained 
only a few small granules. Signs of cell 
differentiation included small, punctate 
intercellular junctions between short sur- 
face processes and interrupted zones of 
basal lamina formation (Fig 9). Areas 
around blood vessels contained macro- 
phages with prominent, melanin-filled 
phagosomes. 

Lightly pigmented tumor B was com- 
prised of large, rounded cells with pleo- 
morphic nuclei (Fig 10). Some nuclei were 
multilobed, and the nucleoli were large and 
prominent. Melanin granules were small 
and sparse in these cells, although some 
pigment-laden macrophages were present, 
particularly around blood vessels. 


COMMENT 


Melanocytic lesions involving ocular 
tissues can be grouped histologically 
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into three types based on cell type and 
location. 

1. Skin and conjunctival melano- 
cytes are dendritic cells with clear 
cytoplasm that rest against the base- 
ment membrane of basal epithelial 
cells. These dendritic melanocytes 
synthesize and transfer melanin to 
the surrounding epithelial cells to 
form freckles, suntans, and racial pig- 
mentary differences. Benign prolifer- 
ations of dendritic melanocytes pro- 
duce lentiginous lesions of the skin or 
melanosis of the conjunctiva. Uveal 
melanocytes are also dendritic but can 
be distinguished by smaller cytoplas- 
mic pigment granules. 

2. A nevus is a hamartoma of atypi- 
cal but benign-appearing melano- 
cytes. The cells are ovoid and form 
theques within the dermis or at the 
dermoepidermal junction. They are 


variably pigmented and de not trans- 
fer pigment to surrounding epithelial 
cells. 

3. Fusiform melanocytes located 
deeper in the dermis constitute the 
third variety of melanocytic ocular 
lesions. This entity includes blue nevi, 
mongolian spots, and the revus of Ota. 
These melanocytes also de not trans- 
fer their pigment to surrounding 
cells. 

All three melanocytic cell types can 
undergo malignant transformation. 
Neoplasia arising de novo from iso- 
lated dendritic melanocytes account 
for 75% to 80% of skin and conjuncti- 
val melanomas. Preexistmg nevi of 
the junctional variety constitute the 
remaining 20% to 25% of melanomas 
involving ocular structures.* The deep 
dermal or subepithelial nevi rarely 
lead to melanoma. There is, however, 
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Fig 8.—Electron micrograph shows variable pigmentation among stellate cells in the 
sclera (uranyl acetate and lead citrate, original magnification X 6,500). 
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Fig 9.—Electron micregraph of tumor A 
shows small intercellu&r junctions (+) and 
zones of basal lamina formation (arrows) 
(uranyl acetate and lead citrate, original 
magnification x 6,500 . 


| | 
Fig 10.—Electron micrograph of a cell in 
tumor B characterizec by a pleomorphic, 
lobulated nucleus ard large nucleolus 
(uranyl acetate and lead citrate, original 


magnification x 6,500. 


some distinccion between ocular mela- 
nocytosis and oeulocermal melanocy- 
tosis with respect to the tendency 
toward malignancy the former is 
associated with a great risk of malig- 
nant change, while the latter rarely 
undergoes this trans^ormation.** This 
discrepaney may be explained by the 
prevalent cases of ceulodermal mela- 
nocytosis in pigmented races, in whom 
the incidence of me&noma is low. In 
whites, no neal dis:inction between 
ocular melarocytosi- and the malig- 
nant potential in ocwodermal melano- 
cytosis may exist. 
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The association of uveal melanoma 
with ocular melanocytosis is well 
accepted, but the estimated incidence 
of this association varies widely. 
Reports are limited, '* with an asso- 
ciation ranging from a high of 25%°°*! 
to a series showing no statistically 
significant difference in the incidence 
of choroidal melanoma, which origi- 
nates in an eye with congenital mela- 
nocytosis, over that occurring in a 
normally pigmented fellow eye.’ The 
largest series of congenital melanocy- 
tosis and melanomas was presented 
by Francois? in 1934. Of 110 eyes with 
congenital melanocytosis, six con- 
tained choroidal melanomas, an inci- 
dence of 5%. However, the true inci- 
dence of ocular melanocytosis remains 
unknown, since, as in our case, the 
diagnosis of melanocytosis may not be 
recognized if anterior pigmentation is 
not prominent. 


Multicentric uveal melanomas have 


been documented previously in nine 
reports.'^?'" Of this limited number 
of eases, one occurred in an eye with 
congenital melanocytosis,'* as it did in 
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Angioarchitecture of the Ciliary 


Artery Circulation of the Posterior Pole 


® Morphologic findings on scanning 
electron microscopy of vascular cast of 
the posterior pole in primates are pre- 
sented. The prelaminar region of the optic 
disc received the majority of its blood 
supply from the short posterior ciliary 
arteries, mainly from direct branches aris- 
ing from peripapillary arterioles surround- 
ing the optic nerve but also from indirect 
branches from the peripapillary choroid. 
The capillaries from this prelaminar 
region drained directly into the central 
retinal vein. The peripapillary choriocapil- 
laris was a single layer of anastomosing 
capillaries supplied by precapillary cho- 
roidal arterioles. The peripapillary chorio- 
capillaris was not seen to contribute to the 
vascular supply of the optic disc. Our 
results are in general agreement with 
those of previous scanning electron 
microscopy studies of the vascular supply 
of the distal part of the optic nerve. 

(Arch Ophthalmol 1981;99:864-868) 


With the advancements of the scan- 

ning electron microscope, great 
magnification and resolution of bio- 
logical specimens is possible. In the 
casting-corrosion technique, the de- 
velopment of a plastic’ capable of 
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withstanding high accelerating volt- 
ages of 20 kV during the scanning 
electron microscopy has allowed great 
resolution of detail in cast of angioar- 
chitecture, especially at the capillary 
level. The waviness and distortion of 
the cast working with human post- 
mortem tissue can be avoided by cast- 
ing the living primate eye.” Using this 
technique, we studied the angioarchi- 
tecture of the ciliary artery circulation 
supplying the optic nerve and the 
peripapillary and submacular cho- 
roid. 


MATERIALS AND METHODS 


Our technique has been described in 
detail previously.’ Briefly, healthy adult 
male cynomolgus monkeys (Macaca fascic- 
waris) were anesthetized with intravenous 
pentobarbital sodium. Both common caro- 
tid arteries were cannulated and perfused 
with heparinized normal saline solution. 
Both jugular veins were severed, and per- 
fusion was maintained, until the effluent 
of the opened jugular veins became clear; 
then, a freshly prepared plastic mixture 
with a low viscosity (20 poises) capable of 
uniform filling of capillaries was injected 
in the carotid artery. The eyes, previously 
shown normal on funduscopy. were enu- 
cleated and the ocular tissues digested in 
40% potassium hydroxide for three to four 
days. The ocular cast was mounted, lightly 
coated with gold-palladium, and viewed in 
the scanning electron microscope at accel- 
erating voltages of 20 kV. 


RESULTS 


Scanning electron microscopy of 
these ocular vascular casts allowed an 
excellent three-dimensiona! visualiza- 
tion of the angioarchitecture. From 


the posterior (scleral) view (Fig 1), the 
optic nerve vasculature and the poste- 
rior ciliary and choroidal vessels were 
readily seen. The posterior ciliary 
arteries ran parallel to each side of the 
optic nerve retrobulbar capillary plex- 
us and divided into several short pos- 
terior ciliary arteries (SPCAs) and 


two long posterior ciliary arteries 


(LPCAs) (Fig 1). The SPCA coursed 
toward the eye and pierced the sclera 
immediately adjacent to the optic 
nerve in its nasal and temporal region. 
Their major branches (choroidal arte- 
ries) spread centrifugally in a radial 
pattern to supply the choroid (Fig 2). 
The smaller subdivisions of the SPCA 
(choroidal arteries) divided progres- 
sively as soon as the vessels entered 
the choroid to supply small and well- 
defined choroidal segments in a trian- 
gular-shaped area, with the apex at 
the origin of the vessel. 

Smaller branches of the SPCA 
coursed around and surrounded the 
optic nerve (Fig 3), giving branches at 
90°, some supplying the peripapillary 
choriocapillaris while others went 
directly to the prelaminar region of 
the optic nerve (Fig 4) The latter 
vessels formed a capillary plexus that 
anastomosed with the outermost retin- 
al capillaries. Although some branches 
of the SPCA within the peripapillary 
choroid reached the prelaminar region 
of the optic disc, the choriocapillaris 
was not seen to communicate with the 
capillary system of the optic dise (Fig 
5). Reeurrent branches of the choroid- 
al arteries, readily identified superi- 
orly and inferiorly to the optic nerve, 
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Fig 1.—Low-power scanning electron micrograph in posterior 
view. Pesterior ciliary arteries (short and long) and their choroidal 
branches are visualized lateral and medial to distal retrobulbar 
capillary plexus ( x 15). 


Fig 3.—Medium-sized arterial vessel (between arrows) originates 
from short posterior ciliary artery and courses around optic nerve. 
Optic nerve capillaries are seen in upper left corner of micro- 
graph ( x 72). 





Arch Ophthalmol—Vo: 99, May 1981 





Fig 2.—Temporal short and long posterior ciliary arteries. Main 
choroidal arteries (a) are seen to arise from short posterior ciliary 
arteries to supply triangular-shaped choroidal segment. Large 
choroidal veins (v) are also seen. Optic nerve capillaries are at 
upper right corner. Temporal long posterior ciliary artery runs 
toward lower left corner of micrograph ( x 51). 


Fig 4.—Higher power view of Fig 3 shows major vessels circling 
around optic nerve (lower third of micrograph). giving off 90? 
branches to supply peripapillary choriocapillaries (middle third) 
and optic nerve (ON) above ( x 180). 
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Fig 5.—Retinal view at edge of juxtapapillary choroid. Choriocap- 
illaris (above) does not send branches to prelaminar portion of 
optic nerve. Below choriocapillaris, larger choroidal vessels 
penetrate prelaminar portion of optic nerve and anastomose with 
outermost retinal capillaries visualized in right side of micrograph 
(retina is artifactually detached) ( x 51). 


Fig 7.—Scanning electron micrograph at edge of cast section. At 
bottom left is short posterior ciliary artery major trunk. Smaller 
choroidal arteries and capillaries are seen under layer of chorio- 
capillaris at top of picture ( x 170). 
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Fig 6.—Recurrent branches from choroidal arteries anastomose 
with vessels of retrobulbar pial sheath (arrows) ( x 51). 


Fig 8.—Retinal view of choriocapillaris at posterior pole. They are 
arranged in star-shaped or lobular pattern ( x 187). 
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Fig 9.—Left, Temporal ong posterior ciliary artery does not divide 
into branches to suppyy choroid until vessel passes temporal to 
macula (^ 32). Right, Nasal long posterior ciliary artery (arrows) 
lies above choroidal arteries and does not give off branches in 
posterior pole ( x 32). 





Fig 10.—Blood supply to submacular choroid in micrographs of 
increasing power. Top left, Temporal long posterior ciliary artery 
(LPCA) is seen coming from major ciliary artery (left). Submacular 
choroid is under convoluted portion of LPCA (right) ( x 18). Top 
right, That portion of temporal LPCA has been removed to 
visualize submacular choroid ( x 40). Bottom left, Closer view of 
same area. Central feeding arterial capillary is branched from 
choroidal arteriole (a). Anastomosis between same vessel and 
proximal precapillary arterioles is noted. Periphery of this area is 
drained by groups of postcapillary venules above and below 
arterial capillary in center of this micrograph (v) ( x 155). Bottom 
right, Very high-power view of central feeding arteriole (a) shows 
this vessel intimately communicating with adjacent choriocapil- 


anastomosed with tbe vessels of the 
pial sheath to supply the retrobulbar 
portion of the optic merve (Fig 6). 
The choriocapillars consisted of a 
single layer of anastomosing capil- 
laries supplied by precapillary arter- 
ioles that, in the posterior pole, usually 
approached the chomocapillaris in a 
perpendicular manner (Fig 7). The 
choriocapillaris was drained by post- 
capillary venules that joined large 
choroidal veins taat eventually 
reached one of the feur vortex veins 
identified in each eye Frequent anas- 
tomoses between these choroidal veins 
were noted. When the choriocapillaris 
was studied from a retinal view, a 
vague star-shaped or obular arrange- 
ment was observed (Fig 8). 
Morphelogically, the nasal and tem- 
poral LPCAs differed from each oth- 
er. Branches of the nasal LPCA were 
not visualized in the posterior pole. 
The temporal LPCA Givided temporal 
to the macular region before giving 
off branches to the choroidal circula- 
tion before reaching the equator (Fig 
9). For better visualization of the rich 
arteriolar supply to -he submacular 
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laris (cc) at many points ( x 510). 


choroid, a portion of the temporal 
LPCA was carefully removed. The 
branched precapillary feeding arteri- 
ole from a choroidal arterial vessel 
showed anastomosis with adjacent 
arterioles. In its most distal portion, 
the central feeding arteriole has mul- 
tiple communications with the chorio- 
capillaris. Several posteapillary ven- 
ules were noted adjacent to these 
arterioles in the submacular choroid 
(Fig 10). 


COMMENT 


The capillary network of the optic 
disc in primates consists of a contin- 
uous net of small capillaries extending 
from the surface capillaries of the 
optie nerve head to its retrobulbar 
portion.** In discussions of the blood 
supply of the optie dise, Hayreh* popu- 
larized its division into the surface 
nerve fiber layer followed by the glial 
prelaminar region and the collagenous 
lamina cribrosa. Our findings show 
that the majority of the capillaries in 
the prelaminar region originated 
from the SPCAs from direct branches 
originating from the peripapillary 


arterioles surrounding the optic disc. 
Such an arrangement has been ob- 
served in most other studies of the 
optic nerve head circulation in mon- 
keys; Stio 

In addition to these directly pene- 
trating branches of the SPCAs, occa- 
sional indirect branches were ob- 
served reaching the prelaminar region 
after first coursing through the cho- 
roid. Anderson,’ Shimizu and Ujiie," 
and Henkind and Levitzky"' also iden- 
tified a similar distribution to the 
prelaminar region of the optic dise 
from the peripapillary choroid. 

The prelaminar capillaries freely 
anastomosed with the outermost reti- 
nal capillaries, and both capillary sys- 
tems drained into collecting venules of 
the central part of the retinal vein.*"-'" 
The optic dise thus seems to serve as a 
unique site of anastomosis between 
the choroidal and retinal cireula- 
tions.^ As Shimizu and Ujiie," we 
were unable to document communica- 
tions between choroidal veins and 
superficial disc capillaries on scanning 
electron microscopy. We aiso found no 
anatomic connection between the cho- 
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 riocapillaris and the capillary system 


of the optic disc. OJima,* Shimizu and 
Ujiie,'" and Araki" also were unable to 
document direct anatomic connections 
between the choriocapillaris and optic 
disc circulation using similar tech- 
niques. 

Our findings of abundant arteriolar 
anastomosis in the submacular cho- 
roid are similar to previous observa- 
tions." '*- The distal choroidal arteri- 
ole acts as an end artery just before its 
entrance into the choriocapillaris, but 
proximal to this, the anastomoses 
between the choroidal arterioles can 
readily be observed. A rich arterial 
vascular arrangement supplies the 
most dense capillary net of the chorio- 
capillaris." 

Our findings are in general agree- 
ment with other recent scanning elec- 
tron microscopy reports detailing the 
microvascular supply of the optie disc 
in primates.'*'" With continued docu- 
mentation of the potential vascular 


channels supplying this region, a 


clearer understanding of the physio- 
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An improved plastic mixture for corrosion cast- 
ing of the gastrointestinal microvasculature sys- 
tem, in Scanning Electron Microscopy. AMF 
O'Hare, 1979, vol 2, p 751. 

2. Woodlief NF: Initial observations on the 
ocular microcirculation in man: The anterior seg- 
ment and extraocular muscles. Arch Ophthalmol 
1980;98:1268-1272. | 

3. Risco JM, Nopanitaya W: Ocular microcircu- 
lation: Scanning electron microscopy study. 
Invest Ophthalmol 1980;19:5-12. 

4. Araki M: Anatomical study of the vasculari- 
zation of the optic nerve. Acta Soc Ophthalmol 
Jpn 1975;79:101-109. ; 

5. Anderson DR: Vascular supply to the optic 
nerve of primates. Am J Ophthalmol 1970;70:341- 
351. 

6. Anderson DR, Braverman S: Reevaluation 
of the optic disc vasculature. Am J Ophthalmol 
1976;82:165-174. i 

7. Lieberman MF, Maumenee AE, Green WR: 
Histologic studies of the vasculature of the ante- 
rior optic nerve. Am J Ophthalmol 1976;82:405- 
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8. Hayreh SS: Blood supply of the optic nerve 
head and the role in optic atrophy, glaucoma and 
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logic alterations of blood supply to the 
optic dise will become possible. Evalu- 
ation of the ocular circulation using 
radioactive-labeled microspheres in 
the same species of monkey used in 
our study indicated that the major 
blood supply to the prelaminar region 
of the optic dise arose from the cho- 
roidal cireulation.'* These findings, in 
addition to the observations of filling 
of the choroidal cireulation and pre- 
laminar region of the optic dise 
shortly before the retinal arterial cir- 
culation during fluorescein angiogra- 
phy," support anatomic demonstra- 
tions of predominant capillary supply 
to the prelaminar region originating 
from the peripapillary choroid. Fluo- 
rescein angiography of the choroidal 
circulation in primates suggested no 
direct contribution from the chorio- 
capillaris to the optic dise circula- 
tion," again agreeing with scanning 


electron microscopy evidence of lack 


of vascular communication between 
the choriocapillaris and the optic disc. 
The normal disc fluorescence in some 
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patients with peripapillary choroidal 
atrophy might be expected if the 
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roidal arteries. The disappearance of 
superficial dise fluorescence with 
preservation of deep disc fluorescence 
in patients with central retinal artery 
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utes only to the most superficial por- 
tion of the optic disc." Such correla- ` 
tion between the vascular anatomy 
and physiologie circulation must al- 
ways be made with care; however, it is 
hoped that presentations of recent 
scanning electron microscopy findings 
will contribute to future understand- 
ing of the optic dise and peripapillary 
and submacular choroid circulation in 
health and disease. 
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Traction Retinal Detachment 


A Cell-Mediated Event 


Jutta H. Ussmann, MI; Elias Lazarides, PhD; Stephen J. Ryan, MD 


| 

e in posterior-segment penetrating in- 
juries, the role of cellu&r and extracellular 
structures for the development of traction 
retinal detachment is 3 matter of contro- 
versy. With the use of immunofluores- 
cence techniques, we studied the cellular 
components of intrawitreal membranes, 
with particular attention to the presence of 
intracellular contracti? proteins. Our re- 
sults demonstrate inc-easing concentra- 
tions of intracellular actin filaments in 12- 
to 21-day-old membrare specimens at the 
time when traction re&nal detachment is 
most likely to eccur insthe rabbit eye. The 
sequence of events refects the same pro- 
cess that occurs in he wound-healing 
response throughout the body. The spe- 
cialized anatomy of the eye, particularly 
the vitreoretinal relatzonship at the vit- 
reous base, accounts for the disastrous 
consequence of traction retinal detach- 
ment. 

(Arch Ophthalmol! 1*81;99:869-872) 


Severe penetrating injuries of the 

posterior segmert of the eye are 
associated with a poor visual progno- 
sis and result in enudeation or a blind 
eye in 80% to 70% of cases.'? The main 
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reason for loss of vision, with injuries 
confined to the posterior segment, is 
the development of traction retinal 
detachment.' ^^ 

The pathogenetic mechanisms for 
traction retinal detachment after a 
penetrating eye injury remain con- 
troversial. The development of vit- 
reoretinal traction has been correlated 
clinieally with the presence of vitreous 
hemorrhage and with the incarcera- 
tion of the vitreous in the penetrating 
wound.'-^^ The vitreous also may pro- 
vide a framework for fibrocellular 
proliferation from the wound site, and 
progressive cellular ingrowth may 
give rise to cyclitic or transvitreal 
membranes that result in vitreoreti- 
nal traction and ultimately in traction 
retinal detachment.'^** However, the 
role of cellular elements and the extra- 
cellular structures, primarily collagen 
fibrils, in producing this traction has 
been a subject of controversy.: 

We have developed an experimental 
model of traction retinal detachment 
secondary to a posterior penetrating 
injury in rabbit and rhesus monkey 
eyes. In the rhesus monkey eyes, 
ultrastructural examination demon- 
strated specialized cells that have the 
ultrastructural features of fibroblasts, 
as well as smooth-muscle cells, and 
were found originally in the granula- 
tion tissue of healing wounds. These 
cells have been termed "myofibro- 
blasts" because of these characteris- 
tics. Wound contraction is attributed 
to the contractile properties of these 
cells. Such contractions can be ob- 
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served in the absence of collagen. The 
cellular contraction is a function of 
intracellular contractile proteins, pri- 
marily actinomyosin."*:'* 

While most cells contain actin and 
myosin filaments, one would expect 
an increased concentration of these 
intracellular contractile proteins in 
actively contracting cells. The purpose 
of this study in the rabbit model of a 
posterior penetrating eye injury was 
to demonstrate intracellular contrac- 
tile proteins by immunofluorescence 
techniques in the intravitreal fibrocel- 
lular membranes. The presence of 
intracellular actin filaments was cor- 
related with the onset of cellular pro- 
liferation, and the development of 
vitreoretinal traction and traction ret- 
inal detachment. 


MATERIALS AND METHODS 


A total of 13 rabbit eyes were injured 
with the use of a standard posterior pene- 
trating injury.**'* An 8-mm scleral incision 
through the pars plana was followed by 
vitreous prolapse. Prolapsed vitreous was 
exeised, and the wound was closed by 
mierosurgical techniques with interrupted 
8-0 silk sutures. Under indirect ophthal- 
moscopie control, with the use of a 25- 
gauge needle inserted through the wound, 
0.5 to 0.6 mL of autologous blood was 
injeeted into the vitreous cavity. At 
selected times after injury (days 3, 6, 12, 15, 
and 21), the injured eyes were opened by a 
270? sclerotomy in the equatorial plane, 
and the intravitreal membranes were 
excised. 

The tissue was prepared for immuno- 
fluorescence studies according to the meth- 
od described by Lazarides.*"-" Immediately 
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after extraction, the membranes were 
placed in 3% formaldehyde in phosphate- 
buffered saline solution (PBSS) for 30 min- 
utes; then, the membranes were rinsed 
with isotonic-buffered saline solution. The 
tissues were mounted in tissue TEK II- 
OCT compound and sectioned by cryostat 
at 5 um. The sections were placed on cov- 
erslips and kept in 95% ethanol for ten 
minutes and then drained and rinsed in 
PBSS three times. An appropriate dilution 
of rabbit antiactin antibody (1:20 in PBSS) 
was applied to the tissue. The antiactin 
antibodies were prepared against chicken 
gizzard actin by methods described pre- 
viously.” The specificity of these anti- 
bodies for actin has been reported pre- 
viously.” After incubation in a humid 
atmosphere at 37 °C for 45 minutes, the 
coverslips were rinsed in PBSS and subse- 
quently incubated for one hour at 37 °C 
with a 1:10 dilution cf goat IgG to anti- 
rabbit IgG coupled to fluorescein. After 
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Fig 1.—Left, Ciliary body viewed with phase microscopy. NPC 


incubation, the coverslips were washed in 
PBSS and mounted on glass slides. 

Coverslips were examined by phase 
microscopy, as well as fluorescent micros- 
copy, with the use of an orthoplan micro- 
scope (Leitz) that was equipped with epi- 
fluorescence opties. Photographs were tak- 
en at a magnification of x 800 with the use 
of Kodak Ektachrome 200 film. 

Frozen sections of the membranes that 
were treated by immunofluorescence also 
were submitted for comparative morpho- 
logic studies with the use of hematoxylin- 
eosin staining. Control material included 
specimens from the carotid artery of the 
rabbit, as well as the ciliary body and sclera 
of the noninjured fellow eye; they were 
treated as described previously. 


RESULTS 


In our experimental series, we used 
tissue from the carotid artery of the 


» 





rabbit, as well as the ciliary body of 
the noninjured fellow eyes, as control 
material for indirect immunofluores- 
cence. Both tissues are known to con- 
tain large numbers of smooth-muscle 
fibers and show strong fAuorescence 
when treated either with antiactin 
autoantibodies or induced antiactin 
serum.” Bright fluorescence is pres- 
ent in the area of the ciliary muscle, 
whereas pigmented and  nonpig- 
mented ciliary epithelium are nega- 
tive to immunofluorescent staining 
(Fig 1, left and right). 

Membrane specimens, examined at 
three and six days after injury, con- 
sisted mainly of condensed vitreous 
blood breakdown products and moder- 
ate amounts of engorged macro- 


phages. The wound was infiltrated 
with leukocytes and macrophages. At 





E indicates nonpigmented ciliary epithelium; CN, 


ciliary muscle. Right, Same specimen viewed with epifluorescent optics. Bright fluorescence is present in area 
of CM, and pigmented ciliary epithelium and NPCE are negative (immunofluorescent stain, x 800). 
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Fig 2.—Left, Six-day-old vitreous membrane specimen sho 
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wing mainly condensed vitreous and blood breakdown products 
(hematoxylin-ecsin, x 200). Right, Adjacent section showing nonspecific background (immunofluorescent stain, x 800). 
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this stage, intravitreal fibroblastic 
proliferation was not present (Fig 2, 
left). Immunofluorescence was nega- 
tive for this perioe. Figure 2, right, 
shows diffuse nonspecific background 
staining in a 6-day-old specimen. 

In membranes that were extracted 
at 12 days after mjury, fibroblastic 
proliferation was apparent and be- 
came progressively more prominent in 
15-day-old specimens (Fig 3, left). The 
increase in fibrocellalar ingrowth cor- 
related with increasing stronger im- 
munofluoreseence. Figure 3, right, 
demonstrates substantial amounts of 
intracellular actin &laments in a 15- 
day-old membrane. 

At 21 days after injury, fibrous 
ingrowth from the penetrating wound 
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Fig 3.—Left, Fifteen-day-old membrane specimen showing beginning proliferation. Spindle-shaped cells 
suggestive of myofibroblasts are present (hematoxylin-eosin, x 200). Right, Bright fluorescence specific for 
actin present in same specimen. Arrows show bundles of actin filaments (A, B, and C) running parallel to 
each ott er and spanning length of spindle-shaped cells (immunofluorescent stain, x 800). 





was prominent. Light micrographs of 
hematoxylin-eosin-stained specimens 
from the intravitreal membranes at 
this stage mainly consisted of densely 
packed myofibroblasts (Fig 4, left). 
Abundant actin filaments can be 
detected within these cells by immu- 
nofluorescence techniques (Fig 4, 
right). The highest concentration of 
intracellular actin correlates with the 
appearance and largest population of 
myofibroblasts, as well as with the 
development of traction retinal de- 
tachment in the rabbit eye. 


COMMENT 


The precise pathogenetic mecha- 
nisms in traction retinal detachment 
remain controversial. It has been sug- 
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gested that vitreous collagen fibers 
contract and that traction retinal 
detachment is caused by shrinkage of 
vitreous collagen.'^ It also has been 
proposed that reorientation of con- 
densed collagen fibers and hyaluronic 
acid components may act as a mecha- 
nism for contraction.'*? In skin, how- 
ever, contraction during wound heal- 
ing occurs independently of collagen 
formation.? More recently, myofibro- 
blasts have been recegnized in granu- 
lation tissue and in healing wounds. 
Contraction of these cells is now con- 
sidered responsible for wound con- 
traction.'*:** Thus, forces in traction 
retinal detachment may be derived 
from contraction of myofibroblasts. 
Cells with many of the characteristics 










Fig 4.—Left, Vimeous membrane extracted 21 days after injury showing large amounts of myofibroblasts (hematoxylin- 
eosin, X 200). Right, Same membrane specimen treated with immunofluorescence techniques showing highest 
concentrations of intracellular bundles of actin filaments. Arrows show position of bundles (A and B) (immunofluorescent 
stain, x 800). 
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of myofibroblasts have been identi- 
fied in owl monkey eyes with traction 
retinal detachment caused by massive 
periretinal proliferation, "'? and also 
in specimens that were obtained dur- 
ing vitreous surgery on human eyes 
with traction retinal detachment.” 
Thus, the eye shares the characteristic 
response of wound healing with that 
occurring elsewhere in the body. The 
disastrous consequence of the wound- 
healing response within the eye, ie, 
traction retinal detachment, is based 
on the specialized anatomy of the 
vitreoretinal interface and particular- 
ly the firm adherence between the 
vitreous and the peripheral retina at 
the vitreous base. 

One of us (E.L.) has used indirect 
immunofluorescence microscopy to 
demonstrate that actin-specifie anti- 
bodies stain well-characterized fibers 
in cultured fibroblasts." These micro- 
filaments are thought to be a part of 
the contractile system of eucaryotic 
cells." Although limited by resolution, 
immunofluorescence has a notable 
advantage over electron microscopy 
because it discloses the three-dimen- 
sional mosaic of actin filaments that 
frequently span the entire length of 
the cell. It is possible to focus on 
different levels of immunofluores- 
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cent-positive actin-filament bundles. 
Studies that use heavy meromyosin as 
a specific marker for actin may pro- 


vide further information on the 
arrangement of actin fibers and the 
ultrastructural morphologic charac- 
teristics of the myofibroblast.*^* 

With the use of immunofluores- 
cence techniques, we were able to 
observe intracellular actin filaments 
in fibroblasts within the intravitreal 
membranes in the injured rabbit eyes. 
In suitable control material, including 
the carotid artery from each rabbit 
and the ciliary body from each rabbit’s 
noninjured fellow eye, immunofluor- 
escence was specific and labeled only 
the intracellular actin filaments. The 
increasing accumulation of actin fila- 
ments, which were demonstrated in 
membranes up to 21 days, correlated 
with intraocular cellular proliferation 
and the development of traction reti- 
nal detachment in the rabbit model.* 
The membranes that were examined 
in the earlier states, ie, three and six 
days after injury, were negative to 
immunofluorescence treatment and 
showed only nonspecific background 
staining. 

Light micrographs of hematoxylin- 
eosin-stained specimens from the 
vitreous membrane showed increasing 
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fibrocellular ingrowth from 12 to 21 
days after injury. It was possib e in 
these studies to correlate the labeling 
of cells by antibody with the appear- 
ance and amount of fibrocellular pro- 
liferation from the wound site. 

The results in this study demon- 
strate that the fibroblast proliferat- 
ing within the vitreous in the injured 
rabbit eyes contained bundles of 
intracellular actin filaments that were 
characteristic of myofibreblasts. In- 
creased myofibroblastic proliferation 
within the vitreous cavity correlates 
chronologically with an increasing 
concentration of intracellular actin 
filaments. The highest concentration 
of intracellular contractile protein 
seems to coincide with the onset and 
development of traction retinal de- 
tachment. We propose that the devel- 
opment of vitreoretinal traction and 
traction retinal detachment in the 
rabbit eye is mediated by the contrac- 
tion of myofibroblast-type cells in a 
process that is analogous to wound 
healing and to wound contraction as it 
occurs elsewhere in the body. 
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Human Massive Periretinal Proliferation 


In Vitro Characteristics of Cellular Components 


David A. Newsome, MI; Merlyn M. Rodrigues, MD; Robert Machemer, MD 


e The sources of cellular constituents 
of fibrous and cellophane membranes 
formed ir massive perisetinal proliferation 
have been unclear. We successfully 
obtained cellular outgrowths from abnor- 
mal vitreeus specimens collected at sur- 
gery for massive periretinal proliferation 
in 13 patients, using standard culture 
techniques. By phase-contrast and ultra- 
structura: morphological criteria, we iden- 
tified four major cellular constituents: (1) 
macrophages present in all specimens; 
(2) pigmented epitheliosd cells, present in 
a majority of specimens; (3) glial-like 
cells, present in a majarity of specimens; 
and (4) fibroblastic ces, present in all 
specimens but much more prominent in 
grossly fibrous tissues. Our findings con- 
firm published reports of pigmented epi- 
thelioid cells and glial4ike cells in fixed 
surgical specimens amd advance our 
understanding of the heterogeneity of 
pathologic cells active in producing this 
serious complication o retinal reattach- 
ment surgery. 

(Arch Cohthalmol 19:1;99:873-880) 


(Cellularmigration, azgregation, and 

proliferation-producing ^ fibrous 
and cellophane membrane formation 
that results in fixed retinal folds 
account for a substantial number of 
failures in retinal reattachment sur- 
gery, posing a therapeutic challenge 
to the retinal surgeon. This process 
has been described by a variety of 
names, but the term “massive periret- 
inal proliseration" seems to be widely 
accepted. An irregular aggregation 
and proliteration of cells occurs on all 
surfaces of the detacned retina, the 
internal limiting membrane, and the 
vitreous. The precise pathogenetic 
mechanisms of massive periretinal 


proliferat:on are uncertain. 
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Machemer et al? recently reported a 
morphological study of proliferation 
membrane specimens obtained at 
vitreous surgery from patients with 
massive periretinal proliferation. 
These specimens showed such cellular 
characteristics as pigment granules, 
cell junctions, and aggregation and 
cellular organization, indicating that 
the most common pathologic cell is 
possibly derived from the retinal pig- 
mented epithelium. Machemer and 
others have described additional cell 
components, including some with glial 
characteristics." 

Knowledge of the nature of cells 
participating in this proliferative 
fibrotic process could improve our 
understanding of this important com- 
plication of retinal detachment and 
possibly suggest new or improved 
therapeutic approaches. This article 
reports the successful use of cell cul- 
ture in characterizing the specific cel- 
lular components of membranous 
specimens obtained surgically from 
patients with massive proliferation, 
and discusses the pathogenetic impli- 
cations of these observations. 


SUBJECTS AND METHODS 


Thirteen cases, patients ranging in age 
from 14 to 65 years and of both sexes, were 
diagnosed as having massive periretinal 
proliferation. This complication had fol- 
lowed retinal reattachment surgery for 
rhegmatogenous retinal detachment. At 
the time of vitreous surgery, specimens 
were collected from the vitreous and/or 
peeled off the retina. These specimens 
were then submitted for tissue culture. 


Cell Culture 


Using sterile precautions, we placed the 
specimens into Eagle's Minimal Essential 
Medium with Earle's salts, 5% fetal calf 
serum, 100 ug/mL of penicillin, and 50 
ug/mL of streptomycin. This growth 
medium was used in all subsequent cul- 
tures. The membranes were examined 
under a dissecting stereomicroscope and 
gross observations recorded. Specimens 
were then dissected into 1- to 2-sq mm bits, 
placed into polystyrene 60-mm culture 
dishes, held in position under a coverslip, 
and maintained at 37 °C in 95% air and 5% 
CO., 100% humidity atmosphere in a stan- 
dard water-jacketed incubator. Growth 
medium (3 mL per dish) was changed every 


three days. Cellular proliferation in the 
dishes was monitored, observed, and photo- 
graphed via a phase-contrast inverted 
microscope equipped with a 35-mm cam- 
era. 

Cellular outgrowths intenced for exami- 
nation by scanning electron microscopy 
were selected from outgrowths onto the 
glass coverslips. Those intended for trans- 
mission microscopy were eitaer placed ini- 
tially on 13-mm round polystyrene culture 
grade coverslips in the culture dishes or 
fixed directly with glutaraldehyde on the 
dish bottoms. 


Electron Microscepy 


Cellular outgrowths on glass were fixed 
in buffered 2.5% glutaraldehyde, postfixed 
in 1% osmium, dehydrated in graded alco- 
hols, critical point dried, and sputter- 
coated with gold. Coated specimens were 
examined in a scanning electron micro- 
scope and results recorded with a camera 
attachment. For transmission electron mi- 
croscopy, cells were fixed in 3% buffered 
glutaraldehyde, postfixed im 1% osmium 
tetroxide, dehydrated in graded alcohols, 
and embedded in epoxy resin. Thin sec- 
tions were made on an ultramicrotome and 
examined with a transmission electron 
microscope. | 


RESULTS 
Gross Appearance of Specimens 


Specimens as obtainec from sur- 
gery exhibited heterogemeous gross 
appearances. In general, the speci- 
mens appeared predominantly fibrous 
and opaque. Other areas of the same 
specimen displayed a thin, cellophane- 
membrane-like appearance with little 
obvious cellularity. Ten of the 13 spec- 
imens were moderately or neavily pig- 
mented. This pigmentation was usual- 
ly stippled in areas of heavier fibrosis, 
and under high magnifcation ap- 
peared to be due to the presence of 
large, pigment-containing cells. 

Where possible, cellephane-like, 
nonpigmented fibrous and pigmented 
fibrous regions were prepared for cul- 
ture in separate dishes. 


Cell Cultures 


Successful cellular proliferation was 
obtained in ten of 13 specimens. Of 
the three specimens that gave rise to 
no phase-contrast—detectable cellular 
proliferation in vitro, two were non- 
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pigmented and one was predominant- 
ly cellophane-like. When a cellophane- 
like, apparently hypocellular portion 
of the specimen was explanted apart 
from the more brawnily fibrous areas 
of the same specimen, we observed 
cellular outgrowth only 38% of the 
time. Successful cultures began to 
exhibit cellular outgrowth by phase- 
contrast microscopy between three 
and 26 days after explantation. 


Phase-Contrast Morphology 
of Cellular Outgrowths 


Cellular outgrowths appeared to be 
mixed populations in all of the ten 
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Fig 1.—Inset, Note predominantly spindle-fibroblastic outgrowth 
from another area of same specimen that provided expiant shcwn 
in Fig 7 (phase-contrast, original magnification x 240). Scanning 
electron micrograph shows flat fibroblast-like cells with scant 
microvillous projections at higher magnification (original magnifi- 
cation x 3,000). 


Fig 2.—Left, Prominent outgrowth (inset) from this explamt con- 
sisted of small, polygonal epithelial-like cells with prominent halos 
of pigmented granules in the perinuclear areas (phase-contrast 
microscopy, original magnification x 240). Scanning electron 
micrograph shows monolayer of confluent epithelial-like cells 
(original magnification x 250). Right, Epithelial-like cells display 
numerous surface microvillous projections and slender cellular 
interdigitations (original magnification x 1,100). Inset, Myriad 
slender microvillous projections of epithelial-like cells (original 


successfully cultured specimens. The 
primary outgrowth from a typical 
specimen (Fig 1) consisted of (1) small, 
polygonal cells elosely associated with 
other cells attached to the dish bottom 
and having a halo of pigmented gran- 
ules in the perinuclear region; (2) 
larger flattened cells with no obvious 
pigment granules; and (3) numerous 
small, phase-bright cells with short 
but abundant process. Cells of this last 
type did not associate into mono- 
layers, but rather appeared to migrate 
over the layers of other cells and the 
dish bottom. Another explant from 
the same specimen, seen in the inset 


magnification x 3,000). 


of Fig 1, produced a predominantly 
fibroblast-like outgrowth. The small, 
phase-bright cells with active pro- 
cesses were also evident. 

All successfully cultured specimens 
were associated with the appearance 
of varying but usually plentiful num- 
bers of the small phase-bright macro- 
phage-appearing cells in addi-ion to 
any other cellular outgrowth Even 
explanted specimens that were not 
successfully cultured and did not give 
rise to cellular proliferation were asso- 
ciated with the appearance of at least 
a few of these macrophage-like cells. 
Specimens that were largely cello- 
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Fig 3—Cellular outgrowth from pigmented fibrous tissue specimen shows retinal pigmented epithelial 
cells (RPE) in rosette-like or acinar configuration (original magnification x 8,250). Inset, Epithelial 
cells :and lamellar phagosomes (arrow) (myeloid bodies) (original magnification x 49,500). 
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Fig 4.—Epithelial-like cells display polarization with apical microvilli (MV) directed toward central “lumen” (original 
magnification X 30,000). Inset, These cells show basement membrane-like material (asterisk) at basal surfaces. 
Extracellular collagen is indicated (C) (original magnification x 49,000). 


phane-like were associated with either 
the lightly pigmented epithelioid cells 
or the larger glial-like cells or both. 
Fibrous explants were always asso- 
ciated with spindle-shaped fibroblas- 
tic cells, and usually the larger, flat 
polygonal glial-like cells. 


Pigmented Epithelioid Cells 


Two of the ten successfully cultured 
specimens consisting of lightly pig- 
mented cellophane-like tissue gave 
rise to cellular outgrowths that ap- 
peared strikingly uniform and epithe- 
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lial-like. The phase-contrast morpholo- 
gy of the cellular proliferation from 
one such specimen is demonstrated in 
the inset of Fig 2, left. The cells are 
uniform in size, polygonal, and have 
considerable pigmented granules in 
the perinuclear region. The associa- 
tion of attached cells into a monolayer 
is evident. 


Scanning Electron Microscopy 


Cells in some areas of the outgrowth 
displayed confluent large epithelial- 


like cells with numerous microvi.lous 
projections and slender interlacing 
cell processes (Fig 2). 


Transmission Electron Microscopy 


A typical six-week culture of the 
pigmented fibrous tissue specimen 
showed numerous ultrastructural 
characteristics of retinal pigmented 
epithelial cells (Fig 3). Cells conzain- 
ing pigment granules and phago- 
somes (inset of Fig 3) were polarized 
with apical microvilli and basal base- 
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Fig 5.—Junctional complexes (boxes) between epithelial cells (original magnification x 18,000). Inset, 
Actin-ike 5- to 6-nm filaments (arrow) in cytoplasm of epithelial-like cells (original magnification 


x 30,800). 


ment membrane-like material (Fig 
4) The cells had numerous junc- 
tional complexes Fig 5), some of 
which appeared desmosomal, numer- 
ous mitochondria, and smooth and 
rough endoplasmic reticulum. Small 
filaments measuring 5 to 6 nm in 
thickness were present, consistent 
with the appearance of actin (inset of 
Fig 5). 

Disselved cholesterol crystals (Fig 
6) were a preminem inclusion in some 
cells, which also had apical microvilli, 
prominent mitochondria, and the ac- 
tin-like intracytoplasmic fibrils 5 to 6 
nm in diameter. 
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Macrophages and 
Macrophage-like Cells 

The small phase-bright cells migrat- 
ing in a solitary fashion from explants 
exhibited the typical appearance in 
culture of blood or tissue macrophages 
(Fig 7). By scanning electron micros- 
copy, these solitary cells had highly 
infolded ruffled edges, active ruffled 
cytoplasmic extensions, and a rounded 
shape typical of macrophages 
(Fig 8). 

A variation of macrophage mor- 
phology was exhibited by epithelioid 
cells that appeared in clumps, with 
each cell showing prominent ruffled 


edges, multiple slender microvillous 
projections, and some evidence of 
engulfed particles (Fig 8). 


Glial-like Cells 


Large flattened pelygonal cells 
without pigmented granules, ap- 
pearing in outgrowths examined by 
phase-contrast morphology (Fig 7), 
were consistent with glial-like ele- 
ments on ultrastructural examina- 
tion. 

By scanning electron microscopy, 
the larger population of polygonal 
cells, which were more fattened than 
those with pigmented granules, had a 
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Fig 6.—Prominent dissolved cholesterol crystals (asterisks), actin-like filaments (F), and 
lysosomes (L) in cytoplasm of epithelial cell (original magnification x 37,500). 





Fig 7.—At least three distinct morphological 
cell types have grown out onto dish bottom 
from explant of pigmented fibrous massive 
periretinal proliferation membrane: (1) poly- 
gonal epithelioid cells with pigment granules 
in perinuclear region (P); (2) larger, flattened 
cells with little or no pigmented granules 
(asterisk); and (3) small, phase-bright cells 
(box) with cytoplasmic processes (phase- 
contrast microscopy, original magnification 
x 240). 
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Fig 8.—Occasional epithelial-like cells 
with numerous surface microvilli (as- 
terisks) exhibited rounded cell borders 
simulating macrophages. Macrophage- 
like cell (M) with highly infolded ruffled 
edges is also present (original magnifi- 
cation x 2,400). 


scarcity of microvilli and interlaeing 
cell processes and were consiszent 
with a glial origin. On transmission 
electron microscopic examination, 
some cell outgrowths were arranged 
in one or two layers, with individual 
cells possessing prominent mitochon- 
dria and occasional microvillous bro- 
jections. Sparse junctional complexes 
were evident, but none were of the 
desmosomal type. Cells with premi- 
nent Golgi and smooth surface endo- 
plasmic reticulum and 9- to 10-nm 
filaments were most suggestive of 
glial elements. 


Fibroblastic Cells 


A consistent component of all cellu- 
lar outgrowths was a spindle-sheped 
group of cells that had the typical in 
vitro appearance of fibroblasts Fig 
9). Some of these cells occasionally had 
small amounts of pigmented granules 
in the cytoplasm. 
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When examined by scanning elec- 
tron microscopy, outgrowths of cells 
that appeared spindle-shaped or fibro- 
blastic by phase-contrast microscopy 
had z flattened contour and rare 
microvillous projections, consistent 
with a fibroblastic (Fig 9) or possibly 
glial origin. 

Wits transmissien electron micros- 
copy,  fibroblastie-appearing cells 
could 5e distinguished by their flat- 
tened appearance, poorly defined cell 
junctions, and prominent rough endo- 
plasmie reticulum. 

By in vitro morphologieal and 
ultrastructural criteria, the following 
cell types could be distinguished 
among the populations that grew 
from explanted specimens of massive 
periretinal proliferation membranes: 
(1) pigmented or lightly pigmented 
epithelial-like cells; (2) glial-like cells; 
(3) fibroblastic cells; and (4) macro- 
phages and epithelial-like cells with a 
macrophagic contour. 


COMMENT 


Morphological examination, includ- 
ing phase-contrast, scanning, and 
transmission electron microscopy, 
showec that the cellular component of 
membranes formed during massive 
periretinal proliferation contains a 
number of different cell types. This 
observation would suggest that these 
cells could be derived from a variety of 
primary sources. 

Retinal pigmented epithelial cells 
have been implicated by various 
authors as prominent contributors to 
the process of massive periretinal pro- 
liferatien.'*** It is possible that, 
when the retina detaches, cells from 
the retmal pigmented epithelial layer 
(perhaps a discrete cadre of pluripo- 
tent ce ls) are permitted to migrate 
and settle on the extracellular matrix- 
bearing surfaces of the retina and 
vitreous cortex. Such cells might be 
expected to continue to phagocytose, 
shed photoreceptor outer segment 
material, and also synthesize extracel- 
lular material, thus explaining the 
phagosemes and connective-tissue ele- 
ments in some of our specimens. Such 
phagosames, coupled with the constel- 
lation ef polarized cells with apical 
microvilli, basement membrane depo- 
sition, eesmosomal cell junctions, ly- 
sosomes, pigmented melanosomes, nu- 
merous mitochondria, and actin-like 
filaments strongly support the iden- 
tification of these cells as retinal pig- 
mented epithelial cells. 

On tke basis of our data, the exact 
origin ef cells identified as retinal 
pigmenied epithelial cells cannot be 
stated with certainty. There is abun- 


Arch Opathalmol—Vol 99, May 1981 
Fp 


j | 
j í 


Y^ 


» 


-r 
$ 
lé us 


+ 
= 


5 
AN 

L AP 
"w^ 


by 





Fig 9.—Fibroblast-like cells with prominent dilated rough endaplasmic 
reticulum (original magnification x 37,500). 


dant evidence*^? that pigmented epi- 
thelial cells can phagocytose a variety 
of materials, some from photoreceptor 
outer segments. Such an observation 
may explain the finding of cholesterol 
crystals within the cytoplasm of cells 
with all the characteristics of retinal 
pigmented epithelial cells. It is known 
from the investigations of ocular 
embryologists that, at least up to cer- 
tain developmental stages, the retinal 
cells retain the ability, under the prop- 
er conditions, to undergo metaplasia 
into pigmented epithelial cells. It is 


possible that, in detachment, embryo- 
logically pluripotent remnants within 
the sensory retina are stimulated to 
develop into pigmented epithelial 
cells. This speculation may explain the 
initial appearance of pigment-bearing 
cells on the vitreal as well as the 
choroidal surface of the detached reti- 
na. 
Retinal pigmented epithelial cells 
can synthesize collagen," as demon- 
strated in some of our specimens that 
retained predominantly epithelial 
characteristics. The presence of a col- 
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lagenous extracellular matrix alone 
cannot, however, explain one of the 
most serious stages of massive peri- 
retinal proliferation: membrane con- 
traction. Collagen molecules are long, 
rigid rods, providing enormous 
strength and stability. In fact, collag- 
en fibers shrink only at temperatures 
high enough to denature them (about 
52 °C) as well as other proteins.'? Since 
it is now known that pigmented epi- 
thelial cells contain actin-like fila- 
ments," an observation that our 
data confirm, it is these filaments 
that are more likely responsible for 
membrane contraction. If the cells 
possess junctions of the plasma mem- 
brane or simply of a common extracel- 
lular membrane, intracytoplasmic 
filament contraction would be trans- 
mitted to the extracellular membrane 
and then the underlying sensory reti- 
na, resulting in various degrees of 
detachment and wrinkling. Our obser- 
vations indicate that the cellophane- 
like membranes frequently produced 
cell populations that strongly resem- 
bled pigmented epithelial or glial 
cells. 

The origin of the fibroblastic cells is 
uncertain. Various authors have spec- 
ulated that the retinal pigmented epi- 
thelium can undergo fibroblastic met- 
aplasia.’*'* This assertion is not 
strongly supported by experimental 
evidence. In our specimens, the fibro- 
blastic cells were completely devoid of 
any of the characteristics of retinal 
pigmented epithelial cells such as cell 
polarity, apical microvilli, basement 
membrane deposition,  phagolyso- 
somes, or desmosomal junctional com- 
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Pigment epithelial proliferation in human retinal 
detachment with massive periretinal prolifer- 
ation. Am J Ophthalmol 85:181-191, 1978. 

3. Van Horn DL, Machemer R, Fenzel R: Glial 
cell proliferation in human retinal detachment 
with massive periretinal proliferation. Am J 
Ophthalmol 84:383-393, 1977. 

4. Green WR, Kenyon KR, Michels RG, et al: 
Ultrastructure of epiretinal membranes causing 
macular pucker after retinal re-attachment sur- 
gery. Trans Ophthalmol Soc UK 99:65-75, 1979. 

5. Rentsch FJ: Preretinal proliferation of glial 
cells after mechanical injury of the rabbit retina. 
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6. Bellhorn MB, Friedman AH, Wise GN, et al: 
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of idiopathic preretinal macular fibrosis. Am J 
Ophthalmol 79:366-373, 1975. 
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plexes. They did possess typical fibro- 


blastic characteristics, including 
abundant rough endoplasmic reticu- 
lum and copious extracellular matrix 
containing fine fibrils. 

Since the morphological identifica- 
tion of cultured cells as retinal pig- 
mented epithelial cells depends on the 
presence at the light microscopic and 
ultrastructural level of a series of spe- 
cific characteristics, we cannot, there- 
fore, conclude in this study whether 
the fibroblastic cells we detected 
might have been derived from the 
pigmented epithelium. There is some 
evidence that pathologic cells may be 
so influenced by an unusual environ- 
ment that their source is unclear.'* 
Possible sources for these typically 
mesenchymal cells are numerous. Why 
could they not be changed pigmented 
epithelial cells? We have no critical 
data on this point. However, even 
under experimental conditions of al- 
tered dibutyryl cyclic adenosine-3’, 
5’-monophosphate and hormone levels, 
when the starting cultures of pig- 
mented epithelial cells look morpho- 
logically fibroblastie, ultrastructural 
characteristics such as desmosomal 
junctions and apical villi remain." It is 
possible that fibroblastie proliferation 
could originate from retinal vessels, or 
even mesenchymal sources within the 
optic nerve or choroid. 

Macrophage activities in massive 
periretinal proliferation appear, based 
on our data, to be carried out by at 
least two cell types. It is not surpris- 
ing that the altered physiology of an 
eye with retinal detachment and pre- 
sumably some tissue damage should 


References 


7. Mandelcorn MS, Machemer R, Fineberg E, 
et al: Proliferation and metaplasia of intravitreal 
retinal pigment epithelium cell autotransplants. 
Am J Ophthalmol 80:221-231, 1975. 

8. Mueller-Jensen K, Machemer R, Azarnia R: 
Autotransplantation of retinal pigment epithe- 
lium in intravitreal diffusion chambers. Am J 
Ophthalmol 80:530-537, 1975. 

9. Essner E, Roszka JR, Schreiber JH: Phago- 
cytosis and surface morphology in cultured reti- 
nal pigment epithelial cells. Invest Ophthalmol 
17:1040-1048, 1978. 

10. Feeney L, Mixon RN: An in vitro model of 
phagocytosis in bovine and human retinal pig- 
ment epithelium. Exp Eye Res 22:533-548, 1976. 

11. Newsome DA: Cartilage induction by reti- 
nal pigmented epithelium of chick embryo. Dev 
Biol 27:575-579, 1972. 

12. Newsome DA, Kenyon KR: Collagen pro- 
duction in vitro by the retinal pigmented epithe- 
lium of the chick embryo. Dev Biol 32:387-400, 
1973. 

13. Harris ED, Krane SM: Collagenase. N Engl 


be invaded by wandering t'ssue mac- 
rophages as well as macrophages from 
the bloodstream. It is also clear that 
the pigmented cells can participate in 
engulfment of material. Our observa- 
tion of cholesterol crystals within pig- 
mented epithelial-like cells is indirect 
evidence that these cells can engulf 
erythrocytes. In vitro observations 
have confirmed the ability of the pig- 
mented epithelium to perform such 
engulfment (D. A. Newsome, MD, 
unpublished data, March and Novem- 
ber 1979). 

In summary, we have identified at 
least four distinct cell types in vitro in 
outgrowths from membranes surgi- 
cally removed from eyes with massive 
periretinal proliferation. The gross 
pigmentation of the large majority of 
the specimens is explained at least in 
part by the consistent identification 
of cells that appear to be of retinal 
pigmented epithelial origin.^ Glial 
cells, presumably from the retina, 
macrophages, and fibroblasts, of un- 
known origin were also identified. 
Since recurrence of proliferation after 
surgery continues to be a problem of 
clinical significance, it is pessible that 
more detailed understanding of the 
sources and nature of the contributing 
cellular elements will improve thera- 
peutic approaches to this visually dis- 
abling problem. 
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Wide Field Specular Microscopy 


of Excised Donor Corneas 


Calvin W. Roberts, MD; Heinz D. Rosskothen; Charles J. Koester, PhD 


* Routine examination of the endothe- 
lium o! eye bank excised corneas in the 
McCarey-Kaufman storage medium has 
been accomplished by using a new bottle 
cap with an optica quality window. A 
sterile system is maintained as the cornea 
remains in the botte within which it is 
sent to the surgeon, without handling or 
manipulation of the tissue. In combination 
with the wide field specular microscope in 
the noncontact mode, endothelial cell 
measurements and qualitative informa- 
tion about the endothelial surface are now 
availabie. | 

(Arch Ophthaimo! © 981;99:881-883) 


Since the maintenance of a clear 
corneal graft is dependent on a 
viable endothelial monolayer, evalua- 
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Fig 1.—New bottle cap with optical window 
screws cn to replace criginal cap. 
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tion of the donor endothelium prior to 
transplant is desirable. Techniques for 
examination by specular microscopy 
date back ten years to Hoefle et al.’ 
They examined the corneas of whole 
eyes, placing them in specially de- 
signed chambers requiring contact of 
the microscope objective to the epithe- 
lial side of the cornea. Bigar et al^ also 
reported a technique for routine eval- 
uation of the endothelium of donor 
corneas in an intact globe. The epithe- 
lial surface was immersed in a saline 
solution and an immersion objective 
was used with a specular microscope. 

Many eye banks now excise donor 
corneas from the globe and preserve 
them for short periods in McCarey- 
Kaufman medium. Bourne’ developed 
a corneal storage chamber to allow the 
viewing of the endothelium within a 
closed container. A water immersion 
objective lens was chosen with a 10- 
mm working distance to avoid endo- 
thelial damage from accidental con- 
tact between the cornea and the 


microscope objective. A necessity of 
that system was that the cornea be 
transferred from the McCarey-Kauf- 
man bottle into the viewing cham- 
ber. 

The goal of the current investiga- 
tion was to develop a system for 
observation of the donor endothelium 
while in the McCarey-Kaufman me- 
dium bottle and without manipulation 
of the tissue. The sterility of the stor- 
age medium had to be maintained, 
and with the tissue within a closed 
system, this dictated that a noncon- 
tact mode be used. 

A recent article by Cowden* de- 
scribes a method for slitlamp exami- 
nation of donor corneas through the 
bottom of the McCarey-Kaufman bot- 
tle. Although an adequate low-magni- 
fieation image may be obtained, the 
generally poor optical quality of the 
bottle does not permit high-magnifi- 
cation imaging of endothelial cells. 

The technique described herein was 
designed to be used with the wide 


Fig 2.—Bottle is everted and placed in special bracket. As cornea setties down to lie on 
optical window, it can be visualized in mirror below bottle. 
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Bracket 





Fig 3.—Schematic optical layout of imaging system with mirror positioned to allow 
illuminating beam of microscope to be focused on central graft endothelium. 





Fig 4.—Top left, Specular image of endo- 
thelium from 2-year-old donor. 


Fig 5.—Top right, Seventy-one-year-old 
donor photographed same day as enu- 
cleation. 


Fig 6.—Bottom, Fifty-eight-year-old donor 


photographed three days after enuclea- 
tion. 
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field specular microscope.** However, 
it may easily be adapted to any non- 
contact specular mieroscope or to the 
slitlamp biomicroseope. The key to 
this new technique is the redesign of 
the bottle cap for the McCarey-Kauf- 
man storage bottle. 


METHODS ANB MATERIALS 


Exeised corneas were obtained for exam- 
ination from the Department of Pathology, 
Columbia University, New York, and from 
The Eye Bank for Sight Restoration, New 
York. The corneas were received in the 
standard 20-mL bottles of MeCarey-Kauf- 
man medium. - 

The specular microscope used in this 
study was the wide Jeld specular micro- 
scope with a field up »o 1 mm in diameter, 
which can be used in tne contact or noncon- 
tact modes by interchanging viewing 
objectives. The noncontact mode was used 
throughout this study using a X 13 objec- 
tive with a 132-mm werking distance. 

A modified bottle cap was constructed by 
boring a 16-mm circutar hole in the center 
of the cap and inserting a window of 
optical glass. After sterilization, this new 
cap replaces the existing cap (Fig 1), and 
the bottle is gently e-erted. As the cornea 
slowly settles down, ‘he epithelial surface 
comes to lie on the »ptical window, thus 
preventing centact o^ the endothelium to 
any surface in the system. 

The bottle then fit into a bracket that 
mounts onto the chin support of the micro- 
scope (Fig 2). Below the bottle, a mirror 
oriented at 45° to theshorizontal axis of the 
mieroscope permits examination of the 
central 4 to 5 mm of tne cornea by specular 
refleetion (Fig 3). Fiue adjustment of the 
mirror angle allows cells located toward the 
periphery to be exansined. 


l. Hoefle FE, Maurice DM, Sibley RC: Human 
corneal donormaterial: . method of examination 
before keratoplasty. Arch Ophthalmol 
1970;84:741-744, — 

2. Bigar F, Schimmepfennig B, Gieseler R: 
Routine evaluation of endothelium in human 
donor corneas. Grases Arch Ophthalmol 
1976;200:195-200. — 
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RESULTS 


The endothelium of eye bank cor- 
neas were visually examined and pho- 
tographed (Fig 4 through 6). In most 
cases, a full 1-mm field could be photo- 
graphed. Magnification was calcu- 
lated assuming an applanated cornea 
oriented perpendicular to the optical 
axis. Corneal curvature will produce 
slightly greater magnification, about 
0.4%. When examining nonapplanated 
areas away from the center of the 
cornea, the tilt of the endothelial sur- 
face relative to the axis will slightly 
reduce the magnification. For the 
maximum obliquity that will still give 
specular reflection, the reduction in 
magnification is less than 0.4%. 


COMMENT 
Specular microscopy of eye bank 


‘corneas offers an additional mode for 


evaluating the suitability of materials 
for keratoplasty. Not only are the 
density and morphologic characteris- 
tics of central endothelial cells readily 
obtained, but it is also possible to 
appreciate any traumatic loss of cells 
as the cornea was removed from the 
globe. 

By reconstructing the cap of the 
standard McCarey-Kaufman bottle, a 
high-quality optical window has been 
introduced into the sterile system for 
preserving human corneas. The new 
cap is inexpensive and reusable after 
gas sterilization. The cornea is not 
touched, suspended, or contaminated. 

The limitations in visualizing the 
cells by this technique are principally 
the curvature of the cornea in the far 
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periphery, and folds in Descemet's 
membrane centrally that orient 
groups of cells away from the plane 
normal to the illuminating beam. Fig- 
ure 4, the endothelium from a 2-year- 
old donor, shows the ideal image with 
a large field free from folds in Desce- 
met's membrane and with many small 
cells. Figure 5, from a "71-year-old 
donor, is more representative of the 
usual appearance on examination with 
dark ridges representing folds, and 
small round areas where cells are not 
visible. Figure 6 is from a 58-year-old 
donor examined three days after enu- 
cleation, and is the poorest-quality 
image we have photographed to date, 
yet it still provides some detail for 
evaluation. 

The correlation between endothelial 
cell parameters of donor material and 
the maintenance of graft transparen- 
cy postoperatively has yet to be deter- 
mined. This new technique promises 
to make such studies more feasible by 
routine examination of donor corneas 
prior to keratoplasty. This will make it 
possible to select out prior to surgery 
those corneas with very low cell densi- 
ties, large areas of missing cells, or 
previously undetected pathologic con- 
ditions. 
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Density of Goblet Cells in Vernal Conjunctivitis 


and Contact Lens-Associated Giant Papillary Conjunctivitis 


Mathea R. Allansmith, MD; Robert S. Baird; Jack V. Greiner, PhD 


è Using light microscopy, the density of 
goblet epithelial cells was determined in 
the conjunctival epithelium of ten patients 
with vernal conjunctivitis, ten patients 
with contact lens-associated giant papil- 
lary conjunctivitis, and ten normal sub- 
jects. The median density was 13,000/cu 
mm for vernal conjunctivitis, 11,000/cu 
mm for giant papillary conjunctivitis, and 
11,000/cu mm for normal subjects, a sta- 
tistically insignificant difference.  In- 
creased mucus in vernal conjunctivitis 
and contact lens-associated giant papil- 
lary conjunctivitis is not accounted for by 
an increased density of goblet cells per 
cubic millimeter. It is probably caused by 
the greater surface area and thickness of 
epithelium, with a concomitant increase 
in the total number of goblet cells and 
increased mucus from nongoblet epithe- 
lial cells. 

(Arch Ophthalmol 1981;99:884-885) 


V ernal conjunctivitis! and contact 

lens-associated giant papillary 
conjunctivitis? are associated with 
increased mucus. Since conjunctival 
goblet cells produce mucus,’ we ques- 
tioned whether the density of goblet 
cells was greater than normal in ei- 
ther vernal conjunctivitis or giant 
papillary conjunctivitis and whether 
this might account for the increased 
mucus seen in these patients. This 
study’s purpose was to determine the 
density of goblet cells per cubic milli- 
meter of upper tarsal conjunctival epi- 
thelium in three groups—patients 
with vernal conjunctivitis, patients 
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with contact lens-associated giant 
papillary conjunctivitis, and normal 
subjects. 


PATIENTS AND METHODS 


Subjects.—Ten patients with moderate to 
severe vernal conjunctivitis were selected 
at random. Their ages ranged from 8 to 24 
years, with a mean of 14 years (SD +5 
years). Ten patients with contact lens- 
associated giant papillary conjunctivitis 
were selected according to previous crite- 
ria." These patients ranged in age from 22 
to 49 years, with a mean of 32 years 
(SD +9 years) Five wore harc contact 
lenses, and five wore soft contact lenses. 
Ten normal persons with no ocular inflam- 
matory disease constituted the control 
group. Their ages ranged from 3 to 60 
years, with an average of 25 years (SD +15 
years). The ocular characteristics of these 
normal subjects were described previous- 
ly This project had the approval of our 
institution’s Human Studies Committee. 

Tissue.—Biopsy specimens were shaved 
from the upper tarsal conjunctiva of all 
subjects. Anesthetic used was as follows: 
topical proparacaine hydrochloride for 
eight patients with vernal conjunctivitis, 
all ten patients with giant papillary con- 
junctivitis, and seven normal subjects; 
injection-block anesthesia with 2% lido- 
caine hydrochloride for one normal subject; 
and general anesthetic for two patients 
with vernal conjunctivitis and two normal 
subjects. Tissues were fixed in buffered 
glutaraldehyde,’ postfixed in osmium te- 
troxide, embedded in epoxy resin, sec- 
tioned at 1 um, and stained with PAS. 

Goblet Cell Determination per Cubic Milli- 
meter.—Goblet cells were recognized by 
their goblet shape and by the PAS-positive 
floceulent material that filled the eyto- 
plasm, giving the cell a ballooned appear- 
ance and compressing the nucleus to the 
basal part of the cell (Figure). Only those 
goblet cells having an estimated 50% or 
more of their cytoplasmic contents were 
counted. Tissue sections were judged using 
a light mieroscopy level of x40 magnifica- 
tion without knowledge of their source. 
The epithelial area to be considered was 


determined by projecting a photograph of 
the tissue specimen onto a piece of paper 
and tracing the epithelium with a planim- 
eter. Cell counts per section were converted 
to cell counts per cubic millimeter by using 
the following formula: 


Goblet Cells/cu mm - (Goble- Cells per 
Section/Area of Epithelium [in sq 
mm] x (1/Average Diameter of Goblet 
Cell [in mm]) 


Ten goblet cells’ diameters were mea- 
sured with an ocular micrometer. The aver- 
age diameter was 0.012 mm (SD +0.002 
mm). This value was used in tne previous 
formula. 

Statistics.- The Mann-Whitney U test* 
was used to compare the number of goblet 
cells per cubic millimeter for the three 
possible combinations—vernal conjunctivi- 
tis vs normal, giant papillary conjunctivitis 
vs vernal conjunctivitis, and normal vs 
giant papillary conjunctivitis. Significance 
level was P < .05. 

RESULTS 


The number of goblet cells per cubic 
millimeter did not differ significantly 
(P > .05) among the three groups 
studied (Table). The diameters and 
appearance of goblet cells also were 
the same. However, the epithelium of 
patients with vernal con unctivitis 
and contact lens-associated giant pap- 
illary conjunctivitis was approximate- 
ly twice as thick as that ef normal 
subjects, and the epithelium of pa- 
tients with vernal conjunctivitis was 
slightly thicker than that of patients 
with giant papillary conjunctivitis. 
Goblet cells were distributed fairly 
evenly throughout the epithelium in 
all groups. Occasionally seen were 
crypts (infoldings of the conjunctiva 
lined by epithelium) in which the num- 
ber of goblet cells seemed to be 
increased. More crypts were seen in 
tissue sections from patients with ver- 
nal conjunctivitis than from patients 
with giant papillary conjunctivitis. 
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Goblet cells of uppe tarsal conjunctiva. Left, Goblet cells occur singly or in groups. 
Goblet cell apices, filled with vesicles containing mucigen, are seen throughout 
thickness of epithelium except in deepest layer of cells along basement membrane. Two 
superficial adiacent goblet cells open onto conjunctival surface (black arrow). A number 
of gob:et celis are adjacent to and separated from conjunctival surface only by their 
plasme membrane. apical portions of several goblet cells lie deep in epithelium just 
above Dasal cell layer (black-on-white arrows). Epithelium shows wide variations in 
number of layers of epithelial cells. White arrows mark epithelial basement membrane 
beneath which is stroma. Right, High magnification ( x 40) of column-shaped goblet cells 
(black-on-white arrows) and epithelial cells. White arrows mark epithelial basement 





membrane. 





Normal subjects 
Vernal conjunctivitis patients 


Contact lens-assoc:ated 
giant papillary cosjunctivi- 
tis patients 












*Rounded te nearest 1,000. 


These crypts were more numerous in 
both disease categaries than in normal 
subjects. 


J COMMENT 


Sinee the density of goblet cells was 
no greater in patients with vernal 
conjunctivitis or contact lens- 
associated giant papillary conjunctivi- 
tis than in normal subjects, the 
increased mucus seen clinically in the 
first two groups cannot be explained 
by a greater densi.y of goblet cells. It 
was noted previously’ that the epithe- 
lium was generally thicker and cov- 
ered a greater surface area (over the 
giant papillae) in the two disease syn- 
dromes as compared with normal. 
Thus, it could be expected that the 
total number of geblet cells per upper 
tarsal conjunctive was greater in 
patients than in normal subjects. 

Althoughit was mpossible to deter- 
mine the source of the increased 
mucus, there are at least four ways in 
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Number of Goblet Cells in Upper Tarsal Conjunctiva 


‘Group Median, cu mm* Range, cu mm P 


11,000 
13,000 







1,000-56,000 


3,000-84,000 > .05 










3,000-55,000 


which mucus from the tarsal conjunc- 
tiva might increase—an_ increased 
density of goblet cells per cubic milli- 
meter; an increased production of 
mucus from goblet cells; an increased 
number of cubic millimeters of epithe- 
lial surface and a concomitant in- 
crease in goblet cells; and increased 
mucus from secretory vesicles in non- 
goblet epithelial cells; Based on the 
experiments reported herein and our 
previous work,* we think the last two 
factors account for the increased 
mueus in vernal conjunctivitis and 
contact lens-associated giant papil- 
lary conjunctivitis. 

Increased amount of epithelium, 
both in thickness and surface area, in 
both groups of patients apparently did 
not alter the relationship of goblet 
cells per cubic millimeter of epithe- 
lium as established in normal subjects, 
despite the vast tissue overgrowth 
that occurs in eyes affected by these 
diseases. 





Density ranges varied widely with- 
in each of the three groups. For 
instance, in normal subjects, the 
range was 1,000 to 56,000 goblet cells 
per cubic millimeter. It is not known 
whether the density of goblet cells 
differs among individuals or whether 
it is the same for all persons if multi- 
ple tissue samples are considered for 
each person. 

Our finding that the density of 
goblet cells per cubic millimeter was 
the same in the three groups may be 
attributable to sampling errors. There 
appeared to be more crypts in samples 
from patients with tne disease syn- 
dromes than in normal subjects, and 
the erypts seemed to contain more 
goblet cells in all tissues. However, our 
biopsy technique did not intentionally 
include less crypts in the disease syn- 
dromes, as tissue samples were taken 
at random in a similar manner for the 
three groups. 

It may be that not all goblet cells 
were counted in tissue sections taken 
from patients with vernal conjunctivi- 
tis or giant papillary eonjunctivitis. If 
the contents of some goblet cells were 
evacuated by some disease process, 
these cells may have contained insuf- 
ficient mucus to stain with PAS. This 
point might be settied by electron 
microscopic evaluation of the tissues. 


This investigation was supported by Public 
Health Service research grant EY-02099 from the 
National Eye Institute (Dr Allansmith). 
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in Treatment of Alkali Burns 


An Experimental Study 


Verinder S. Nirankari, MD; Shambu D. Varma, PhD; Vinod Lakhanpal, MD; Richard D. Richards, MD 


© To test the hypothesis that superox- 
ide radicals are involved in tissue destruc- 
tion after alkali burns, superoxide dismu- 
tase, ascorbic acid, and glutathione were 
used as superoxide radical scavenging 
agents. Daily subconjunctival injections 
were given in rabbit eyes after alkali 
burns. Both superoxide dismutase and 
ascorbic acid were effective in preventing 
corneal perforations. Glutathione did not 
show any beneficial effect. These experi- 
ments suggest that superoxide radical 
scavenging agents may be useful in the 
treatment of ocular alkali burns. 

(Arch Ophthalmol 1981;99:886-887) 


evere alkali burns of the eye fre- 
quently result in persistent epithe- 

lial defects, corneal ulceration, and 
perforation.' The mechanism for these 
changes is not precisely known. Pre- 
vious investigators have suggested 
that these changes are due to the 
action of degradative enzymes, such 
as collagenase released from epithelial 
cells of alkali-burned corneas.*^ Based 
on this concept, collagenase inhibitors 
have been used to prevent corneal 
melting.** Others have used medroxy- 
progesterone as a means of blocking 
collagenase production in experimen- 
tal animals." Recently, Levinson et 
al" have suggested that delayed heal- 
ing and perforation may be the result 
of decreased levels of ascorbic acid in 
the aqueous and cornea of alkali- 
burned eyes, resulting in a localized 
scorbutus. Also, treatment with par- 
enteral or topical ascorbic acid has 
been reported to decrease the inci- 
dence of corneal ulceration. =? 

In a recent study, it was reported 
that the cornea, like other respiring 
tissues, possesses superoxide dismu- 
tase (SOD).'* Activity of this enzyme 
in this tissue is higher than that in the 
lens and similar to that in the retina. 
The function of this enzyme is to 
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scavenge superoxide radicals, thereby 
protecting tissues against damage by 
free superoxide radicals produced 
from oxygen in its initial stage of 
reduction. Such radicals (O,-) are 
omnipresent and protection against it 
is obviously built into the cornea, such 
that O,- radicals present in the tear 
film are scavenged before reaching 
the stroma.'* After destruction of the 
surface epithelium due to alkali burns, 
it is possible that the superoxide radi- 
cals have direct access to the stroma, 
producing degradation of collagen and 
mucopolysaccharides by initiating de- 
polymerization. Also, it is possible 
that such radicals may inhibit re- 
epithelialization through their oxida- 
tive effects on regenerating epithelial 
cells.'* If this were the case, protecting 
the cornea against superoxide radicals 
by exogenous superoxide radical scav- 
enging agents would improve the 
prognosis for corneal healing and per- 
foration after alkali burns. The pres- 
ent investigations were undertaken to 
examine this hypothesis. 

Two sets of experiments were car- 
ried out. In the first, SOD, ascorbic 
acid, and ‘glutathione were used as 
superoxide radical scavenging agents. 
In the second, native SOD, 1% and 2%, 
was used against heat-inactivated 
SOD, which acted as the controls. 


MATERIALS AND METHODS 


Male and female albino rabbits weighing 
between 2 and 3 kg were used in all the 
experiments. The rabbits were anesthe- 
tized with pentobarbital sodium (approxi- 
mately 30 mg/kg) administered via a mar- 
ginal ear vein. The eyes were then mechan- 
ically proptosed and a circular Lucite well 
with an inside diameter of 11 mm was 
placed on the central cornea and filled with 
0.4 mL of 1N sodium hydroxide solution for 
20 s. The alkali was then aspirated out and 
the eye washed with normal saline for 15 s. 
Gentamicin sulfate eyedrops (3 mg/mL) 
were instilled daily. The eyes were exam- 
ined daily and special attention was paid to 
epithelial defects, vascularization, deep 
uleeration, and perforation. The experi- 
ments were concluded on day 30. The eyes 
after the alkali burn were treated in the 
following way. 

- All eyes received daily subconjunctival 
injections of 0.2 mL of the regimen in 
different quadrants. In the firs: experi- 
ment, 24 rabbits (48 eyes) were divided into 


four equal groups. Group 1 received normal 
saline solution; group 2, ImM ascorbic acid; 
group 3, ImM glutathione; and group 4 
0.1% SOD in normal saline (bovine blood 
SOD). In the second experiment, 20 rabbits 
(40 eyes) were used and divided into two 
equal groups. In the first group, the right 
eye received 1% native SOD and the left 
eye, 1% heat-inactivated SOD. In the sec- 
ond group, the right eye received 2% SOD 
and the left eye, 2% heat-inactivated 
SOD. 


RESULTS 


All corneas followed a similar course 
for the first five days after alkali 
exposure. Freshly burned corneas be- 
came cloudy and then turned opaque 
within 24 hours. Ulcerations were first 
noticed around day 5 and were present 
usually as an excavated furrow about 
2 mm inside the limbus. No new 
lesions appeared after day 20. The 
corneas that perforated showed mini- 
mal to no vascularization, whereas 
once vascularization progressed, ul- 
cers seemed to heal with resultant 
dense scarring. In spite of treatment 
with daily gentamicin sulfate drops (3 
mg/mL), seven eyes became grossly 
infected with purulent discharge and 
were therefore excluded from the 
study. 


Experiment 1 


In this group of rabbits, treatment 
with ascorbic acid and SOD led to a 
lower incidence of cornea! ulceration, 
descemetocele, and perforation as 
compared with those in the group 
treated with normal saline and gluta- 
thione. There were minimal differ- 
ences between the saline-and the glu- 
tathione-treated rabbits. Glutathione 
obviously had no beneficial effect. The 
difference between the number of ul- 
cers, descemetoceles, and perforations 
in the control group and the groups 
treated with ascorbic acid and SOD 
was statistically significant (P < .05). 
The clinical observations of this 
experiment are given in Table 1. 


Experiment 2 


Both 1% and 2% SOD were effective 
in promoting corneal healing and in 
preventing perforations after alkali 
burns as compared with the heat- 
inactivated SOD. Combining the 1% 
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Table 1.—Clinical Observations of Experiment 1 (Day 30)* 


Normal Saline Ascorbic Acid Glutathione 
(Control) % Treatment % Treatment 
(10 Eyes) Incidence (12 Eyes) Incidence (10 Eyes) 


So, Jo ae e AT RR E 


Superoxide 
Dismutase 
% Treatment % 
Incidence (9 Eyes) Incidence 









*Difference in number of ulcers, descemetoceles, and perforations (combined) between control (saline-treated) group and ascorbic acid—and superoxide 
dismutase-treated group is statistically significant (P < .05). 


Control | 
1% and 2% 
Heat-Inactivated 


SOD 7 Eyes) 


No wicers 


Incidence 





SOD-Treated Group 
1% and 2% Native % 
SOD m Eyes) Incidence 


*SOL indicates superoxide dismutase. Difference in number of ulcers, descemetoceles, and 
perforations (combined) between control (heat-inactivated SOD) group and native SOD treatment 


group is statistically significant (P < .05). 


and 2% groups, the number of ulcera- 
tions, descemetoceles, and perfora- 
tions were seven of 20 in the group 
treated with native SOD, as compared 
with W of 20 in the control group. This 
difference is statistically significant 
(P < .95). The clinical observations of 
this experiment are given in Table 2 


~ COMMENT 


The results of these experiments 
suggest that aseorbic acid and SOD 
accelerate corneal healing and de- 
crease the incidence of perforations as 
compared with control eyes treated 
with saline. The beneficial effects of 
SOD suggest that O,- or its deriva- 
tives are involved in initiating or pro- 
moting ulcerations after alkali burns. 
Such radicals are produced obligatori- 
ly by oxygen reduction in all aerobic 
tissues and organisms."* The radical is 
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also known to be generated photo- 
chemically.: The adverse effects of 
O,- radicals are due to its actions on 
membrane lipids, fragmentation of 
DNA chains, polymerization, and de- 
polymerization of proteins and hyal- 
uronate. Also it may inhibit re-epithe- 
liazation through its oxidative effects 
on regenerating epithelial cells. Thus, 
both cellular and extracellular pro- 
cesses could be interrupted. 

The next question is the mechanism 
by which ascorbate may promote cor- 
neal nealing. According to Pfister et 
3l,7'? such a beneficial effect is the 
result of its correcting a localized tis- 
sue scorbutus. Although this is possi- 
ble, a more direct effect of this 
nutrient may be through its scaveng- 
ing effect. Chemical as well as organ 
eulture studies from this laboratory 
have shown that ascorbate can effec- 
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tively scavenge O,- and thereby pro- 
tect tissue against the deleterious 
effect of superoxide and its deriva- 
tives.'? 

The ineffieacy of glutathione in our 
experiments is indeed puzzling. It 
seems that the peroxidative role of 
this tripeptide surpasses its antioxida- 
tive role. The other possibility is the 
rapid oxidation of glutathione to oxi- 
dized glutathione, such that gluta- 
thione is not available to scavenge O,- 
or its derivatives. Glutathione is 
known to be unstable and easily oxi- 
dized, its oxidation-reduction level 
being +0.34.°° 

The actual mechanism by which O.- 
radicals injure the cornea after alkali 
burns is not precisely known. The 
present study, however, does suggest 
that superoxide radical scavenging 
agents may be useful in the treatment 
of alkali-burned eyes. The precise 
mechanism of these effects are cur- 
rently under investigation. 
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Serologic Studies in Patients 


With Keratoconjunctivitis Sicca 


S. Lance Forstot, MD; Joseph Z. Forstot, MD; Carol L. Peebles, MS; Eng M. Tan, MD 


è Thirty-two patients with keratocon- 
junctivitis sicca (KCS) were screened for 
the presence of antinuclear antibodies, 
rheumatoid factor, and autoantibodies 
associated with Sjógren's syndrome (des- 
ignated SS-A and SS-B). None of these 
patients had or were found to have clinical 
evidence of a connective-tissue disease. 
The conditions of 19 (5996) patients were 
antinuclear-antibody-positive and 18 
(56%) were rheumatoid-factor-positive. 
We found SS-A and/or SS-B autoanti- 
bodies in ten (3196) patients. There seems 
to be a high incidence of serologic abnor- 
malities in patients with KCS, even when 
those patients with connective-tissue dis- 
ease are excluded. Serologic testing 
seems to be a useful adjunct in the early 
diagnosis of primary Sjógren's syndrome. 
The presence of SS-A and SS-B autoanti- 
bodies correlated well with the clinical 
diagnosis of Sjógren's syndrome and 
seemed to identify the conditions of 
patients who may have a higher incidence 
of systemic complications with KCS. 

(Arch Ophthalmol 1981;99:888-890) 


IK eratoconjunctivitis sicca (KCS) is a 

term usually used to denote an 
aqueous-tear-deficient eye caused by 
lacrimal gland hypofunction. Kerato- 
conjunctivitis sicca, as part of a sys- 
temic disease known as Sjógren's syn- 
drome, is the result of a chronic 
inflammatory destruction of exocrine 
glands. This manifests itself with 
the following sicca symptoms: the eye 
may burn, itch, feel dry, or have a 
foreign-body sensation, and_ the 
mouth may feel dry (like “cotton”), 
have sticking of food, or require liquid 
for mastication and swallowing. These 
sicca symptoms may occur alone (pri- 
mary Sjégren’s syndrome) or in asso- 
ciation with connective-tissue disease 
(CTD), most commonly rheumatoid 
arthritis (secondary Sjógren's syn- 
drome).* From the ophthalmologic 
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standpoint, it is not clear how often a 
patient with KCS has true Sjégren’s 
syndrome or idiopathic KCS. When a 
patient with dry eye symptoms has 
rheumatoid arthritis or another diag- 
nosed CTD, secondary Sjégren’s syn- 
drome should certainly be considered. 
However, there are no data on the 
incidence of Sjégren’s syndrome 
among patients with KCS. 

We screened patients with KCS for 
antinuclear antibody (ANA) and rheu- 
matoid factor (RF) to indirectly assess 
a possible systemic association in 
those patients without diagnosed 
CTD. In addition, we screened for 
autoantibodies that have been found 
in sera taken from patients with 
Sjógren's sicca syndrome and that 
have been designated autoantibodies 
SS-A and SS-B.' These are precipitat- 
ing autoantibodies to antigen extracts 
that are obtained from human lym- 
phoblastoid cells (extractable nuclear 
antigens). 


METHODS 


Patients who were admitted to the Uni- 
versity of Colorado Ophthalmology Clinic, 
Denver, with dry eye symptoms were 
examined for abnormal tear function with 
Schirmer testing and rose Bengal staining. 
The Schirmer test was performed with 
standard filter paper strips for five min- 
utes without anesthesia. Rose Bengal (1% 
solution) was used to stain the conjunctiva 
and cornea to diagnose KCS according to 
the method described by van Bijsterveld.* 
Criteria for the diagnosis of KCS in this 
study were (1) wetting of 5 mm or less on 
Schirmer strips'^ and (2) a rose Bengal 
staining score of 3.5 or more. The condi- 
tions of 42 patients met these criteria. Ten 
patients were known to have associated 
CTD at the time of ophthalmologic exami- 
nation. Eight of these patients had rheu- 
matoid arthritis, one patient had systemic 
lupus erythematosus (SLE), and one 
patient had scleroderma. The diagnosis of 
CTD was made according to the criteria 
established by the American Rheumatism 
Association.* These ten patients were not 
included in the present study. The remain- 
ing 32 patients did not have previously 
diagnosed CTD; there were 28 women and 
four men. 


ANAs Determined by 
Indirect Immunofluorescence 


All sera were tested for ANAs at four 
dilutions (1:4, 1:16, 1:64, and 1:256) on 4-um 
cryostat sections of mouse kidney that 





were fixed in acetone just before use.** 
The conjugate used was fluorescein isothio- 
cyanate, labeled goat anti-Cohn fraction II, 
prepared in our laboratory. The pattern 
and intensity of staining were graded as 
trace to 4+ at each dilution. Sera were 
considered to be positive if they reacted to 
a titer of 1:64. Evaluations were made at 
x400 using an incident light microscope 
(Leitz Ortholux II) with a 200-W mercury 
light source, exciter filter (KP 490), and 
barrier filter (K530). 


RF Test 


Latex agglutination titers for RF were 
obtained by a tube dilution method.* ^ 


SS-A and SS-B Autoantibodies 
Immunodiffusion Determination 


Sera were tested for the presence of 
SS-A and SS-B autoantibodies using a 
modifieation of the Ouchterlony double- 
diffusion technique." The SS-A and SS-B 
autoantibody levels were determined using 
an extract of Wil-2 cells (a human B- 
lymphoid cell line) that were prepared 
from cultures maintained in the laborato- 
pnt 


Controi Patients 


A control group of patients was studied 
for the incidence of ANA in a normal 
population. Patients who were admitted to 
the University of Colorado Ophthalmology 
Clinie without evidenee of KCS (Schirmer 
test results — 15 mm of wetting and 
absence of rose Bengal staining) were 
screened for ANA. Previous studies have 
determined the incidence of RF'*'* in a 
normal population. One of us (E.M.T.) has 
previously established that SS-A and SS-B 
autoantibodies are not present in the 
normal population." 


RESULTS 


Thirty-two patients who had evi- 
dence of KCS diagnosed by positive 
Schirmer test results and rose Bengal 
staining did not have a diagnosis of 
CTD before ophthalmologic examina- 
tion. None of the 32 patients in this 
study subsequently were found to 
have CTD by the criteria set by the 
American Rheumatism Association. 
Of these patients, 19 (59%), all women, 
had a positive ANA test result. Rheu- 
matoid factor test results were posi- 
tive in 18 (56%) patients (16 women 
and two men). Antinuclear antibody 
and RF test results were both positive 
in 11 (84%) patients, all women. 

An age-matched control group of 91 
patients was screened for ANA. Over- 
all, there was an 8.8% positivity (8/91). 
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Patient / Mouth Articular 
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+ + Arthralgias 


None 


3731 + + None 
4/35 + + Arthralgias 
5/37 + + Arthralgias 
6/11 + + Arthralgias 
7/41 * + Arthralgias 
8/51 - = Osteoarthritis 
97/53 + + Osteoarthritis 
10/80 - + Osteoarthritis 


Table 1.—Profile of Ten Patients With Sjógren's Antibodies* 


Salivary 
Glands ANA RF 
Age yr KCS Symptoms Manifestations Swelling CTD Titers SS-A SS-B Titer 
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*KCS indicates keratoconjunctivitis sicca; CTD, connective-tissue disease; ANA, antinuclear 
antibody SS-A and SS-B, antibodies associated with Sjógren's syndrome; RF, rheumatoid factor. 
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Table 2.— Serologic Abnormalities in Sicca Syndrome and KCS Without CTD* 


No. 0f | ———————————————————————S 
Source, yr Patients ANA RF SS-A SS-B 
Sicca Syndrome 

Block et al,” 1965 23 14/16 (88) 22/23 (96) — — 
MacSween et al,” 

1967 13 4/13 (31) 7/13 (54) = = 
Feltkamp and . 

VanHossum,* 

1963 ive 13/17 (76) 8/9 (89) — — 
Masoa et al,” 1973 24 8/24 (33) 11/23 (48) 
Whaley et al,” 1973 71 25/68 (37) 36/69 (52) ee = 
Alspaugh et al," 1976 50 28/50 (56) — — 


Alspaugh et ai," 1976 56 — — 39/56 (70) 27/56 (48) 


22 i 18/22 (82) 
Total | wa 92/188 (49) 102/159 (64) ya 
| KCS Without CTD 
Present study - 32 19/32 (59) 18/32 (56) 9/32 (28) 7/32 (22) 












n/d (96) of Positivity 















*KCS mdicates keratoconjunctivitis sicca; CTD, connective-tissue disease; ANA, antinuclear 
antibody: RF, rheumatoid factor; SS-A and SS-B, antibodies associated with Sjógren's syndrome. 


Antinuelear antibody test results 
were not positive in 39 of these 91 
patient- who ranged in age between 
20 and 40 years. After the age of 40 
years, ‘here was a tendency toward 
increasmg positivity, with 30% posi- 
tivity ir patients who were older than 
the age of 80 years. The age range of 
the 19 study patients whose conditions 
were pesitive for ANA was 20 to 84 
years (median age, 42 years; mean 
age, 47 years). 

Ten (31%) patients, all with ANA- 
positive conditions, had SS-A and/or 
SS-B autoantibodies. Six patients had 
both autoantibodies, three patients 
had only SS-A autoantibodies, and one 
patient nad only SS-B autoantibodies. 
Seven patients had a positive RF. AII 
ten patients were women, relatively 
young (mean age, 41 years), and they 
had varying degrees of dry mouth 
(Table I). | 


| 
COMMENT 


Patients with CTD have sera that 
may cortain autoantibodies that react 
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with cellular and nuclear components. 
Numerous investigators have tried to 
determine the frequency and inci- 
dence of these autoantibodies. Recent- 
ly, certain serologic markers, specific 
antibodies, have helped to better 
define the classification of CTD and 
have even created subsets within a 
CTD patient population. 

Antinuclear antibodies are found in 
varying frequencies in all CTDs, and 
specific antibody markers have been 
discovered during the past decade. 
For example, antibodies to Sm anti- 
gen and native DNA appear in high 
specificity for patients with SLE," 
and antibodies to ribonucleoproteins 
occurring in high titers are a diagnos- 
tic criterion for the syndrome of 
mixed CTD.'* 

Sjógren's syndrome is considered 
one of several rheumatic diseases 
associated with an autoimmune phe- 
nomenon. The presence of serologic 
abnormalities is not infrequent. Au- 
toantibodies are characteristic of 
Sjógren's syndrome and may vary 


from 60% to 80% positivity.''?"-?» This 
may be because of the specific 
underlying CTD that is involved, or it 
may be related to Sjégren’s sicca com- 
plex alone. In our review of the litera- 
ture, Sjógren's sieca complex was 
found to have an incidence of ANA 
positivity of approximately 49% (Ta- 
ble 2). 

The presence of autoantibodies has 
led many investigators to search for 
possible antibody markers that may 
be specific for Sjégren’s syndrome. 
The first marker was anti-salivary 
duct epithelium antibody using indi- 
rect immunofluorescenee studies of 
tissues.^ This antibody was found in 
60% to 70% of patients with Sjógren's 
with rheumatoid arthritis, and it was 
less frequently observed in Sjógren's 
sicca complex (10% to 20%).2+-28 

Alspaugh and Tan: recently identi- 
fied markers for Sjógren's syndrome 
with autoantibodies te extractable 
nuclear antigens, SS-A and SS-B. In 
patients with Sjógren's sicca complex, 
the prevalence of autoantibodies to 
SS-A was 70% and to SS-B it was 48%, 
while in patients with Sjógren's syn- 
drome and rheumatoid arthritis, the 
prevalence was 9% for SS-A and 3% 
for SS-B. In follow-up studies, auto- 
antibody to SS-A was found to be 
present in patients with SLE (approx- 
imately 30%),?* although its preva- 
lence in Sjógren's sicca syndrome was 
significantly higher (70%).' However, 
autoantibody to SS-B has continued to 
be highly specifie for primary Sjó- 
gren's syndrome and is rarely found 
in other diseases.*'^* Martinez-Lavin 
et al showed that identification of 
these autoantibodies (SS-A and SS-B) 
helped to establish the diagnosis of 
Sjógren's syndrome in 12 of 30 
patients in whom the diagnosis had 
not been entertained by the physician 
at the time of initial examination. 
This last study emphasized the mark- 
er specificity of these autoantibodies 
(SS-A and SS-B) in aiding the physi- 
cian to reach the diagnosis of Sjó- 
gren's syndrome. 

In the present study, the population 
of patients with KCS showed a high 
prevalence of ANA. The 32 patients 
without CTD had a positivity of 59%. 
Sjógren's antibodies were found in a 
group of ten young women (Table 1). 
These patients seemed to have a dif- 
ferent set of symptomatic problems 
from the rest of the study group, in 
that their symptoms of keratitis sicca 
and xerostomia were more severe. 

Another serologic test result that is 
observed in patients with rheumatic 
disease is RF. This factor is a circulat- 
ing antibody made against IgG 
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y-globulins. Rheumatoid factor is 
present in approximately 70% to 80% 
of clinical cases of rheumatoid arthri- 
tis.” In the general population young- 
er than the age of 65 years, the inci- 
dence of positivity is 2% to 4%, and 
older than 65 years of age, it is 
approximately 20%.'*'* Rheumatoid 
factor can be present in many other 
diseases, eg, infectious disease, 
chronic illness, and chronic disease 
associated with hypergammaglobulin- 
emia, such as Sjégren’s syndrome. In 
our review of the literature, RF was 
found to be positive in 64% of patients 
with Sjégren’s sicca (Table 2). Thus 
RF, used as a marker, must be corre- 
lated with the clinical information on 
the patient. 

In the present study, the patient 
population with KCS had a high prev- 
alence of RF. Fifty-six percent of 
these patients' conditions were RF- 
positive, suggesting that these pa- 
tients may have a process in which the 
production of circulating antibodies to 
IgG is oecurring. Whether the RF is 
an indication of some underlying sys- 
temic disease process is open to specu- 
lation but, as emphasized previously, 
criteria for a diagnosable CTD were 
not present in these patients. 

While the actual percentage of 
patients with KCS with a true sys- 
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temie process is unknown, certain 
patients with KCS will definitely have 
Sjégren’s syndrome either with asso- 
ciated CTD (secondary) or with only 
xerostomia (primary sicca complex). 
Therefore, it is important to obtain a 
detailed history from patients with 
KCS concerning xerostomia and other 
questions related to a systemic pro- 
cess, eg, arthritis, Raynaud's phenom- 
enon. This history may indicate a need 
to consult an internist (rheumatolo- 
gist) for a thorough evaluation of a 
possible systemic process in a patient 
with KCS. 

Our series did not uncover any 
patients with KCS with undiagnosed 
CTD. However, we did find a high 
incidence of serologic abnormalities in 
these patients (both ANA and RF). In 
addition, we identified antibodies 
associated with Sjégren’s syndrome in 
patients (10/32). Further studies, such 
as labial salivary gland biopsy or pa- 
rotid flow rate, would be required to 
determine whether or not these 
patients in our population have pri- 
mary Sjógren's syndrome, although 
the diagnosis seems highly likely in 
those patients with SS-A and SS-B 
autoantibodies. 

Our findings indicate that within a 
population of patients with KCS with- 
out diagnosed CTD, there may be the 
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Rabbit Model of Phlyetenulosis and Catarrhal Infiltrates 


Bartly J. Mondino, MD; Regis Kowalski; Helen V. Ratajezak, PhD; Jerome Peters, MD; Seth B. Cutler, MD; Stuart I. Brown, MD 


® Phiyctenules and catarrhal infiltrates 
of the human cornea have been described 
in association with staphylococcal 
blepharitis. Rabbits immunized and 
boosted with phenol-inactivated Staphylo- 
coccus aureus had a fourfold or greater 
increase in antibody titer to S aureus and 
delayed hypersensitivity to S aureus. After 
topical challenge with viable S aureus, the 
rabbits in this model had vascularized, 
elevated, nodular infiltrates of the cornea 
resembling phlyctenules in humans and 
peripheral corneal infiltrates running par- 
allel to the limbus and separated from it by 
a lucid interval resembling catarrhal infil- 
trates in humans. The nodular corneal 
infiltrates were found in a subepithelial 
location and were composed of vessels, 
polymorphonuclear leukocytes and mon- 
onucilear cells, including lymphocytes, 
plasma cells, and macrophages. The 
peripheral cerneal infiltrates separated 
from the limbus by a lucid interval were 
found in the anterior stroma beneath the 
cornea! epithelium and were composed of 
polymorphonuclear leukocytes and mon- 
onuciear cells. - 

(Arch Ophthalmol 1981;99:891-895) 


The production of phlyctenules has 

been reported after the instillation 
of tuberculin into the conjunctival 
sacs of tuberculous rabbits.’ In 1910, 
Rosenhauch* reported that introduc- 
ing Staphylococcus aureus into the 
conjunctival sacs produced phlycte- 
nules in tuberculous rabbits but not in 
healthy ones. He also found that in 
rabbits sensitized to tuberculin, phlye- 
tenules developed after the topical 
instillation of viable or killed S aureus 
or even a filtrate from this organism. 
Funaishi? reported in 1923 that phlyc- 
tenules developed in rabbits sensitized 
to staphyloeocci after the instillation 
of this organism into the conjunctival 
sac. In 1962, Thygeson et al* stated 
that experimental results of phlycten- 
ule production reported at that time 
were unconvincing and were without 
histopathological documentation and 
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that a true experimental model did 
not exist. In 1972, experimental 
attempts that failed to produce phlyc- 
tenules in rabbits and guinea pigs 
were reported and a plea was made 
for communications setting forth de- 
tailed methodology for the production 
of phlyctenules in animals because 
reports in the literature lacked suffi- 
cient and perhaps essential details.° 
Phlyctenules and catarrhal infil- 
trates of the cornea have been de- 
scribed in association with staphylo- 
coccal blepharitis. We report herein a 
model for producing nodular lesions of 
the cornea in rabbits immunized and 
challenged with S aureus resembling 
phlyctenules in humans. In addition, 
peripheral corneal infiltrates resem- 
bling catarrhal infiltrates in humans 
developed in rabbits in this study. 


MATERIALS AND METHODS 
S aureus 


We used a strain of S aureus in this 
study that was obtained from a human 
corneal ulcer. The strain belonged to 
phage-type 95 and displayed the following 
characteristics: coagulase positive, B-hemo- 
lytic, pigmented, and gentamicin sulfate 
resistant. 

Staphylococcus aureus was incubated at 
37 °C for 24 hours in tryptic soy broth and 
the number of colony-forming units per 
milliliter was determined. Phenol (90%) 
was added to the undiluted suspension to a 
concentration of 1% to inactivate the S 


. aureus; The undiluted suspension with 


phenol was then mixed with a magnetic 
stirrer for two days. The suspension was 
centrifuged and washed three times with 
normal saline (NS). The pellet was finally 
resuspended with sterile, injectable NS to 
yield a concentration of 1 x 10'"/mL of 
inactivated organisms. The inactivated S 
aureus was stored at 2 to 5 °C. Cultures of 
this inactivated suspension on blood agar 
plates were negative. 

Staphylococcus aureus from a blood agar 
plate was grown in tryptic soy broth two to 
four times each week for 12 to 18 hours at 
37 °C. Each morning, the S awreus suspen- 
sion was diluted with tryptic soy broth 
until the optical density reading was 1 at 
660 nm in a spectrophotometer. This cor- 
responded to a viable count of about 
5 x 10* colony-forming units/mL. The 5 
aureus was applied topically to rabbit eyes 
six times per day for five days each week. 
The drops were refrigerated between use. 
A suspension of phenol-inactivated S au- 
reus at the same concentration was pre- 
pared for topical application to rabbit eyes 
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six times per day for five days each 
week. 


Immunization of Rabbits 


Complete Freund's adjuvant (CFA) was 
prepared by adding 100 mg of Mycobacter- 
ium tuberculosis to CFA, bringing the 
final concentration to 10 mg/mL. This 
concentration of tubercle bacilli is ten 
times higher than that in commercially 
available CFA. Pheno-inactivated 5 au- 
reus (1 x 10'" organisms/mL) was added 
to the CFA 1 drop at a time. An emulsion 
was prepared in this way using equal vol- 
umes of both inactivated S aureus and 
CFA. For control rabbits, an emulsion was 
prepared using equal volumes of sterile, 
injectable NS and CFA. 

Prior to immunization, biood for aggluti- 
nation titers was drawn. Inactivated S 
aureus-CFA was injected intradermally 
into the toepads of rabbits, so that each 
rabbit received a total volume of 0.2 mL 
containing 1 x 10° inactivated S aureus 
and 1 mg of tuberele bacilli. The CFA-NS 
was injected intradermally into the toe- 
pads of other rabbits, so that each of these 
rabbits received a total volume of 0.2 mL of 
this emulsion. 

Eleven days later, all rabbits immunized 
with inactivated S aureus-CFA were 
boosted in the rear flank muscle with inac- 
tivated S aureus in a tuberculin syringe 
with a 22-gauge needle. On the first day of 


boosting, the rabbits were injected with 


1 x 10° inactivated S aureus and the 
amount was doubled on each successive day 
until the fifth day, when it became 
1.6 x 10°. This pattern was repeated for an 
additional five days the following week. 
Blood for agglutination titers was drawn 
and skin tests were perfermed ten days 
later. 


Skin Testing 


Nine rabbits immunized with inacti- 
vated S aureus-CFA, eight rabbits immu- 
nized with CFA-NS, and five rabbits not 
undergoing immunization were skin 
tested. An area was marked on the left ear 
of each rabbit. With a tuberculin syringe 
and a 26-gauge needle, a volume of 0.1 mL 
containing 1 x 10* inactivated S aureus 
was injected intradermally into the desig- 
nated area. The amount of reaction was 
determined by measuring the increase in 
thickness of the ear and the length and 
width of induration. Measurements were 
made before and immediately after injec- 
tion and at 30 minutes, 2, 24, and 48 hours 
after injection. Since the smallest value of 
ear thickness after injection occurred at 
the two-hour reading, final results were 
obtained by subtracting the two-hour read- 
ing from the 48-hour reading and multiply- 
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ing the result by the length times the width 
of induration as previously described.* The 
data were evaluated statistically using 
one-way analysis of variance followed by 
paired comparisons of the mean volumes of 
induration of the three groups. 


Agglutination Titers for S aureus 


Normal rabbit sera demonstrate aggluti- 
nation titers to S aureus presumably 
because of the reaction of protein A, a cell 
wall component of S aureus, with the Fc 
fragment of IgG." Nevertheless, rabbits 
immunized with S awreus demonstrate 
increases in titer that are simply and con- 
veniently measured by agglutination reac- 
tions.*"' 

Arterial blood was obtained from rabbits 
before immunization and after immuniza- 
tion but before topical challenge. After the 
rabbits were restrained securely, arterial 
blood was withdrawn from the ears using a 
20-gauge needle and a 12 x 75-mm poly- 
propylene tube. The blood samples were 
allowed to clot and were centrifuged for 15 
minutes at 2,000 rpm. The serum collected 
from each tube was stored in a freezer until 
the titrations were performed. 

Serial twofold dilutions of the rabbit 
sera were made with 0.09M NaCl. The 
dilutions of sera were added to wells in 
U-bottom microtiter plates. Each well con- 
tained 50 uL of the serum dilution and 50 
uL of a freshly prepared S aureus suspen- 
sion with a viable count of approximately 
9 X 10* organisms/mL. A row of negative 
controls using 50 uL of S aureus and 50 uL 
of 0.09M NaCl was also plated. The plates 
were incubated for five hours at 37 *C and 
then read. The well before the first 
observed pellet was designated as the dilu- 
tion of antibody against S aureus in the 
serum of the rabbit being tested. 


Experimental Protocol 


New Zealand white rabbits weighing 
about 2 kg each were divided into the 
following three groups: (1) Twenty-one 
rabbits were immunized with inactivated S 
aureus-CFA. The right eyes of 14 of these 
rabbits were challenged topically with via- 
ble S aureus and the left eyes with inacti- 
vated S aureus. Seven rabbits were chal- 
lenged topically with viable S awreus in 
both eyes. (2) Thirteen rabbits were immu- 
nized with CFA-NS. Nine of these rabbits 
were challenged with viable S aureus topi- 
cally in both eyes and four were challenged 
topically with viable S aureus in the right 
eye and inactivated S aureus in the left 
eye. (3) Nine rabbits did not undergo 
immunization. Eight of these rabbits were. 
challenged topically with viable S aureus in 
both eyes. One was challenged topically 
with viable S aureus in the right eye and 
inactivated S aureus in the left eye. 

All of the aforementioned eyes were 
challenged topically with either viable or 
inactivated S aureus six times per day for 
five days each week for a period of 90 days. 
Topical challenge was begun immediately 
after agglutination titers were drawn and 
skin tests were read. The rabbit eyes were 
examined two to three times each week by 
loupe and light. 
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Cultures of Rabbit Eyes 

Cultures were taken of the rabbit eyes 
prior to topical challenge with either viable 
or inactivated 5 aureus and on days after 
the two days each week in which they did 
not receive topical applications. The cul- 
tures were taken by rubbing cotton-tipped 
applicators moistened with tryptic soy 
broth in the inferior cul-de-saes and then 
on blood agar plates. 

Histopathology 

Rabbits were killed with an overdose of 
pentobarbital sodium (60 mg/mL) intrave- 
nously at varying intervals and their cor- 
neas with adjacent sclera were excised 
with corneal forceps and scissors. The cor- 
neas were fixed in 37% formaldehyde, pro- 
cessed for paraffin sectioning, and cut with 
a microtome at 6 um. The sections were 
stained with hematoxylin-eosin, PAS, and 
Gram’s stain. 


RESULTS 
Gross Observations 


During the first week of topical 
challenge, conjunctival hyperemia and 
edema developed in all rabbits immu- 
nized with inactivated S aureus-CFA 
and challenged with viable S aureus 
topically. Twenty-six of 28 rabbit eyes 
had vascular invasion of the peripher- 
al cornea from the limbus as early as 
14 days and as late as 49 days, with an 
average of 33 days. Three rabbits 
were killed to examine histopathologic 
findings at the stage of peripheral 
corneal vascularization leaving 22 rab- 
bit eyes in the group. 

Elevated, nodular lesions of the cor- 
nea developed in eight of 22 rabbit 
eyes. These corneas had vascular inva- 
sion of the periphery from the limbus 
as early as 14 days and as late as 42 
days, with an average of 29 days. The 
peripheral vessels branched and ex- 
tended 3 to 4 mm into the cornea. At 
the advancing margin of converging 
vessels, elevated, whitish nodular in- 
filtrates developed approximately 3 
mm from the limbus as early as 43 
days and as late as 60 days, with an 
average of 54 days (Fig 1). The vessels 
surrounded the nodules, anastomosed 
in them, and then proceeded centrally. 
Observable ulcerations on gross exam- 
ination did not develop at the sites of 
these nodules. The site of the nodule 
formation was usually the inferonasal 
quadrant of the cornea in the vicinity 
of the nictitating membrane except 
for one rabbit cornea that had a nod- 
ule superiorly. One rabbit cornea was 
found with an incomplete ring infil- 
trate 1 mm central to a vascularized, 
nodular infiltrate (Fig 2). After cessa- 
tion of topical S aureus, the elevated, 
nodular infiltrates gradually flat- 
tened during the course of a month 
leaving a vascularized scar. 





Fig 1.—Elevated, nodular infiltrate of cor- 
nea near advancing margin of anastomos- 
ing vessels. 
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Fig 2.—Elevated, nodular infiltrate of cor- 
nea with incomplete ring infiltrate central 
to it. 





Fig 3.—Peripheral corneal infiltrate run- 
ning parallel to limbus and separated from 
it by lucid interval of 2 mm. Vascular 
invasion of peripheral cornea reaching 
margin of dilated pupil. 





Fig 4.—Resolving peripheral corneal infil- 
trate with vessels from limbus reaching it 
and branching in it. 


Of the remaining 14 rabbit eyes in 
this group, eight had peripheral cor- 
neal infiltrates running parallel to the 
limbus and separated from it by a 
lucid interval. In these corneas, vascu- 
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lar invasion of the periphery devel- 
oped as early as 16 days and as late as 
42 days, with an average of 31 days. 
The vessels were fewer in number and 
finer im caliber than the vessels 
described with the nodules previously. 
They were barely diseernable by loupe 
and ligat and extended no further 
than 1 to 2 mm into the cornea. The 
peripheral corneal infiltrates devel- 
oped as early as 43 days and as late as 
72 days, with an average of 52 days. 
These peripheral cerneal infiltrates 
were anterior in loeation and sepa- 
rated from the limbus by a lucid inter- 
val of approximately 2 mm that was 
free of infiltrate but was occasionally 
traversed by a fine vessel from the 
limbus (Fig 3 and 4). The peripheral 
eorneal infiltrates were always found 
in the inferonasal quadrant in the 
vieinity of the nictitating membrane 
and were one to four clock hours in 
extensien. Grossly visible ulcers did 
not develop in the peripheral corneal 
infiltrates. Vessels were never ob- 
served eentral to the peripheral cor- 
neal infiltrates, unlike in rabbit cor- 
neas with nodular lesions where the 
vessels extended beyond the lesions 
toward the central cornea. After ces- 
sation of topical S aureus, the corneal 
infiltrates gradually resolved during 
the next 14 to 21 days. 

In rabbits immunized with CF A-NS 
and challenged with viable S aureus 
topically, conjunctival hyperemia and 
edema developed during the first 
week of topical treatment in the rab- 
bits' eyes. Of the 22 rabbit eyes in this 
group, vascular invasion of the periph- 
eral cornea developed in nine. The 
peripheral vessels were noted as early 
as 22 days and as late as 42 days, with 
an average of 38 days. The maximal 
extent of vessel ingrowth was approx- 
imately 1 mm. The rabbit eyes in this 
group did not have nodular infiltrates 
of the eornea but one rabbit had bilat- 
eral peripheral corneal infiltrates sep- 
arated from the limbus by a lucid 
interval 82 days after beginning topi- 
cal challenge with S aureus. 

In rabbits not undergoing immuni- 
zation and challenged with viable 5 
aureus topically, the rabbit eyes had 
conjunetival hyperemia and edema 
during the first week of topical chal- 
lenge. Peripheral vascular ingrowth 
extending no more than 1 mm into the 
cornea was noted in nine of 17 rabbit 
eyes as early as 24 days and as late as 
54 days, with an average of 34 days. 
The rabbits in this group did not have 
nodular infiltrates of the cornea or 
peripheral corneal infiltrates sepa- 
rated from the limbus by a lucid inter- 
val for the 90-day period of topical 
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challenge. In rabbits not undergoing 
immunization and those immunized 
with inactivated S aureus-CFA or 
CFA-NS and challenged topically with 
inactivated S aureus, the conjunctiva 
and cornea of the eyes remained 
normal throughout the 90-day period 
of topical challenge. 


Cultures of Rabbit Eyes 


Cultures of rabbit eyes prior to topi- 
cal challenge and after topical applica- 
tions of inactivated S aureus never 
showed gentamicin-resistant S au- 
reus. Cultures of rabbit eyes chal- 
lenged topically with viable S aureus 
taken after the two days each week in 
which they did not receive topical 
applications always showed gentami- 
cin-resistant S aureus indicating that 
the external eyes of these rabbits 
were colonized with this strain of S 
aureus. 


Skin Tests 


There were no immediate reactions 
at the sites of the skin tests. The nine 
rabbits immunized with inactivated 5 
aureus-CFA had a mean volume 
(+ SD) of induration of 83.0 + 23.6 cu 
mm at 48 hours. The eight rabbits 
immunized with CFA-NS had a mean 
volume of induration of 42.4 + 23.8 cu 
mm. The five rabbits not undergoing 
immunization had a mean volume of 
induration of 25.7 + 28.2 cu mm. 
There was a Statistically significant 
difference between the mean of the 
rabbits immunized with inactivated S 
aureus-CFA and both the mean of the 
immunized with CFA-NS 
(P — .01) and the mean of the rabbits 
not undergoing immunization (P < 
01). The difference between the 
means of the rabbits immunized with 
CFA-NS and those not undergoing 
immunization was not statistically 
significant (P > .05). 


Agglutination Titers 


The median agglutination titer of 
nine rabbits prior to immunization 
with inactivated S aureus-CFA was 
1:128, with a range of 1:128 to 1:512. 
After immunization, the median titer 
increased to 1:2,048, with a range of 
1:1,024 to 1:8,192. All nine rabbits had 
a fourfold or greater increase in 
agglutination titers after immuniza- 
tion. The median agglutination titer 
of nine rabbits prior to immunization 
with CFA-NS was 1:256, with a range 
of 1:128 to 1:512. After immunization, 
the median titer was 1:128, with a 
range of 1:128 to 1:256. Agglutination 
titers from the five rabbits not 
undergoing immunization that were 
drawn at the same times as the afore- 


mentioned rabbits showed a median 
of 1:128, with a range of 1:128 to 1:512 
on the first occasion and the same 
median and range on the second occa- 
sion. 


Histopathologic Findings 


In rabbits immunized with inacti- 
vated S aureus-CFA and challenged 
with viable S aureus topically, three 
rabbits showed peripheral corneal vas- 
cularization in both eyes and were 
killed 27, 31, and 34 days after the 
initiation of topical challenge with 
viable S aureus. Rabbits with ele- 
vated, nodular lesions and those with 
peripheral corneal infiltrates sepa- 
rated from the limbus by a lucid inter- 
val were killed 3, 14, 20, 40, and 55 days 
after their development while still 
undergoing topical challenge with via- 
ble S aureus. 

The limbal areas in all of these eyes 
showed engorged vessels and dense 
accumulations of polymorphonuclear 
leukocytes and mononuclear cells, in- 
cluding lymphocytes, plasma cells, and 
macrophages. In some sections, poly- 
morphonuclear leukocytes and mono- 
nuclear cells were found invading the 
epithelium at the limbus. Polymorpho- 
nuclear leukocytes, mononuclear cells, 
and vessels were found invading the 
cornea beneath its epithelium. Occa- 
sional sections showed midstromal 
vessels and inflammatory cells. 
Gram’s stain of corneal sections did 
not show Gram-positive cocci. 

Corneal sections corresponding to 
the sites of the elevated nodules seen 
on gross observation disclosed nodular 
elevations beneath the corneal epithe- 
lium (Fig 5 and 6). In many sections, 
the corneal epithelium over the nod- 
ules was thickened with an increased 
number of epithelial cell layers. In 
some sections, the epithelium was 
invaded by mononuclear cells and 
polymorphonuclear leukocytes. Al- 
though an occasional epithelial defect 
was seen over the nodules, the overly- 
ing epithelium was generally intact. 
Beneath the corneal epithelium, poly- 
morphonuclear leukocytes and mono- 
nuclear cells, including lymphocytes, 
plasma cells, and macrophages, were 
scattered throughout the nodules with 
no special arrangement and with no 
cell predominating. The types of 
inflammatory cells and their arrange- 
ment did not change from early to late 
nodules. Vessels surrounded by in- 
flammatory cells were also found in 
the nodules. Giant cells were not 
found, and Gram-positive cocci were 
not seen with Gram’s stain of corneal 
sections. Disorganization of the ante- 
rior corneal stroma was seen in the 
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nodules, and spindle-shaped fibro- 
cytes were noted. 

Vessels with polymorphonuclear 
leukocytes and mononuclear cells sur- 
rounding them were found beneath 
the corneal epithelium central to the 
nodules and nearly reached the central 
cornea in the 40- and 55-day-old nod- 
ules. Thirty days after cessation of 
topical challenge with S aureus, a 
rabbit cornea with a vascularized scar 
resulting from a nodular lesion 
showed vessels, only a few acute and 
chronic inflammatory cells, and more 
spindle-shaped fibrocytes with new 
connective tissue formation beneath 
the corneal epithelium than the nodu- 
lar infiltrates described previously. 

Corneal sections corresponding to 
the sites of the peripheral infiltrates 
separated from the limbus by a lucid 
interval showed accumulations of 
polymorphonuclear leukocytes and 
mononuclear cells, including macro- 
phages, lymphocytes, and plasma 
cells. Some of the macrophages 
showed foamy cytoplasm. Vessels 
were also found in association with 
the inflammatory cells and were more 
prominent in the 40- and 55-day-old 
lesions. Neither the vessels nor the 
inflammatory cells extended beyond 
these peripheral accumulations. The 
overlying epithelium was intact with- 
out invasion of inflammatory cells. 
Gram-positive cocci were not seen 
with Gram’s stain of corneal sections. 
Twenty-one days after cessation of 
topical challenge, a rabbit with bilat- 
eral peripheral corneal infiltrates that 
had just resolved on gross observation 
was killed, and the peripheral corneas 
showed only a few inflammatory cells 
and vessels beneath the epithelium. 

In rabbits immunized with CFA-NS 
and challenged topically with viable S 
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Fig 5.—Elevated, nodular lesion of cornea showing inflammatory 
cells beneath epithelium that is thinned over nodule and thick- 
ened at its margins. Rabbit killed three days after development of 
nodule (hematoxylin-eosin, original magnification x 125). 


aureus, three rabbits challenged topi- 
cally in the right eyes were killed 31, 
33, and 90 days after the drops were 
begun. The limbus showed polymor- 
phonuclear leukocytes and mononu- 
clear cells, including macrophages, 
lymphocytes, and plasma cells. Ves- 
sels, polymorphonuclear leukocytes, 
and mononuclear cells invaded the 
peripheral cornea but no more than 1 
to 2 mm. Discrete accumulations of 
vessels and inflammatory cells were 
not found. Gram-positive cocci were 
not found in Gram's stain of corneal 
sections. 

In rabbits not undergoing immuni- 
zation and challenged topically with 
viable S aureus, the limbus showed 
polymorphonuclear leukocytes and 
mononuclear cells, but only the corneal 
periphery for no more than 1 to 2 mm 
showed vessels and inflammatory cells 
beneath its epithelium. Discrete accu- 
mulations of vessels and inflammato- 
ry cells were not found. Gram-positive 
cocci were not found in Gram's stain 
of corneal sections. 

In rabbits not undergoing immuni- 
zation, immunized with inactivated S 
aureus-CFA or CFA-NS, and chal- 
lenged with topical inactivated S awr- 
eus, the limbus showed a few mono- 
nuclear cells and only a rare polymor- 
phonuclear leukocyte. Cellular and 
vascular invasion of the peripheral 
cornea was not found in the 15 corneas 
obtained at varying times throughout 
the experimental period of 90 days. 


COMMENT 


Rabbits immunized with inacti- 
vated S aureus-CFA had fourfold or 
greater increases in antibody titer 
and positive delayed hypersensitivity 
reactions to S aureus. After topical 
challenge with viable S aureus, con- 





Fig 6.—Elevated, nodular lesion of cornea showing nflammatory 
cells beneath epithelium that is thickened at margins of nodule. 
Rabbit killed 40 days after development of nodule (hematoxylin- 
eosin, original magnification x 125). 


junctival hyperemia and edema and 
corneal vascularization developed in 
these rabbits. In this group, nodular 
corneal infiltrates that were elevated 
and vascularized and peripheral cor- 
neal infiltrates running parallel to the 
limbus and separated frem it by a 
lucid interval developed in 16 of 22 
rabbit eyes. One or the other of these 
corneal lesions developed but not both. 
In other words, corneas were not 
found with vascularized nodular infil- 
trates adjacent to peripheral corneal 
infiltrates separated from the limbus 
by a lucid interval. However, one rab- 
bit cornea was found witk an incom- 
plete ring infiltrate 1 mm eentral to a 
vascularized, nodular infiitrate. The 
predilection of these corneal lesions 
for the inferonasal quadrant of the 
cornea may relate to the disturbance 
of the tear film in this area by the 
nictitating membrane. 

The corneal infiltrates described 
previously were not produeed by topi- 
cal challenge with inactivated S au- 
reus. Rabbit eyes challenged with 
inactivated S aureus remained normal 
throughout the experimert, thereby 
suggesting that viable S awreus in the 
conjunctival sac is necessary for the 
development of corneal lesions per- 
haps because the staphylococci elabo- 
rate toxins or other factors that en- 
able their antigens to gain access to 
the corneal stroma or perhaps because 
colonization with S aureus allows con- 
tinuous exposure of antigens to the 
ocular tissues. Topical challenge with 
inactivated S aureus may simply 
entail a brief, intermittent exposure 
of the external eye to staphylococcal 
antigens that may be rapidly diluted 
and drained from the eye with the 
tears. Moreover, the antigens in the 
tears may not have access to the cor- 
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neal stroma because of an intact cor- 
neal epithelium. 

Rabbits immunized with CFA-NS 
did not have an increase in antibody 
titer or delayed hypersensitivity to S 
aureus. Conjunctival hyperemia and 
edema with vascular invasion of the 
peripheral cornea developed in some 
cases after topical challenge with S 
aureus. Although these eyes did not 
have nodular corneal lesions, peripher- 
al corneal infiltrates separated from 
the limbus by a lucid interval were 
found bilaterally in one rabbit 82 days 
after topical challenge had begun. 
Rabbits not undergoing immunization 
also did not have an increase in anti- 
body titer or delayed hypersensitivity 
to S aureus. After topical challenge 
with viable 5 awreus, corneal lesions 
failed to develop in these rabbits for 
the duration of this experiment. It is 
conceivable that both these groups 
and especially the group injected with 
CFA that stimulates T-helper cells”? 
would have corneal lesions because of 
immunization through the ocular 
route if topical S aureus was applied 
for longer periods of time. 

The nodular corneal infiltrates de- 
scribed in this report are similar to the 
clinical descriptions of corneal phlyc- 
tenules in humans.'*^* Both are focal, 
elevated inflammatory nodules asso- 
ciated with corneal vascularization. 
Histopathologically, both lesions have 
a subepithelial location and are com- 
posed of macrophages, lymphocytes, 
plasma cells, and vessels.'*'* Polymor- 
phonuclear leukocytes are found in the 
nodular infiltrates in this study and 
are also found in human phlycten- 
ules.'*-* In both lesions, inflammatory 
cells are irregularly scattered 
throughout the nodule with no special 
arrangement.' The epithelium overly- 
ing the nodular lesions in this study as 
well as the epithelium overlying 
human phlyetenules is thickened and 
infiltrated by mononuclear cells and 
polymerphonuclear leukocytes.' The 
nodular infiltrates in this study were 
not associated with grossly visible 
ulcerations. In this respect, the nodu- 
lar infiltrates in rabbits were less 
severe than phlyctenules in humans 
that ulcerate but may also resolve 
spontaneously without uleeration.*-*-'* 
Unlike human  phlyctenules that 
usually develop first at the limbus, the 
nodular lesions in rabbits began in the 
peripheral cornea.* 

In this study, the peripheral corneal 
infiltrates running parallel to the lim- 
bus and separated from it by a lucid 
interval are similar to descriptions of 
catarrhal infiltrates in humans. The 
peripheral eorneal infiltrates in rab- 
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bits were composed of polymorphonu- 
clear leukocytes and mononuclear cells 


in the anterior stroma beneath the 


corneal epithelium. Polymorphonu- 
clear leukocytes are found in scrap- 
ings from catarrhal infiltrates. in 
humans" but there are no detailed 
studies of their histopathology. In the 
rabbit corneas reported herein, epi- 
thelial erosions or ulcerations were 
not found. In humans, the catarrhal 
infiltrate develops first and is usually 
but not always followed by ulcera- 
tion.'5^ The peripheral corneal infil- 
trates in rabbits were not as dense or 
as severe as their presumed eounter- 
parts in humans. 

Immune corneal rings have been 
produced in rabbits immunized with 
either partially or completely inacti- 
vated S aureus mixed with CFA and 
challenged with an intracorneal injec- 
tion of staphylococeal antigen.'''*'* 
These rings are composed of polymor- 
phonuclear leukocytes and contain 
antibody and the third component of 
complement." Corneal rings in these 
rabbits differ from human catarrhal 
infiltrates in that they vary in posi- 
tion and migrate centrally.'^ On the 


other hand, the corneal infiltrates in 


this study developed only in the 
periphery and did not migrate. Pro- 
duction of these corneal infiltrates in 
rabbits by topical challenge with via- 
ble S aureus rather than intracorneal 
injection is probably closer to the 
human predicament where catarrhal 
infiltrates presumably develop in old- 
er patients who have had staphylococ- 
cal blepharitis with continuous expo- 
sure of the external eye to staphylo- 
cocci for years.* 

Phlyetenular keratitis and conjunc- 
tivitis have been described in rabbits 
immunized with bovine serum albu- 
min and challenged with topical 
bovine serum albumin after the cor- 
nea and conjunctiva were trauma- 
tized.'*^* The authors postulated but 
did not prove that phlyctenules could 
be produced by sensitization and then 
topical challenge with staphylococci. 

The corneal lesions in this study do 
not represent a direct infection of the 
eornea by S aureus because Gram's 
stain of these corneal lesions did not 
show Gram-positive cocci in them. 
Unlike the other groups in this study, 
the group immunized with inactivated 
S aureus-CFA had corneal lesions 
that were associated with a fourfold 
or greater increase in antibody titer 
and delayed hypersensitivity to S au- 
reus. Catarrhal infiltrates and ulcera- 
tions in humans are thought to repre- 
sent an antigen-antibody reaction, 
whereas phlyctenulosis is thought to 


represent a delayed hypersensitivity 
reaction to staphylococcal antigens." 
These distinctions have not been 
established in animal models or in 
humans. The reproducible model re- 
ported herein for corneal lesions 


related to staphylococci affords an 


opportunity for studying the immuno- 
pathology of these lesions and the 
relationship and interaetions of cell- 
mediated and humoral immunity in 
their development. 


This research was supported in part by grant 
EY02894 from the National Eye Institute (Dr 
Mondino). 
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Calendar of Events 


1981 


May 


Current Perspectives in Ophthalmology, Univer- 
sity of Michigan, Ann Arbor, May 7-8. 

French Ophthalmological Society, Paris, May 
10-14. 

Congress of the Pan-American Society of Oph- 
thalmology, Acapulco, Mexico, May 10-15. 
Society for Clinical Trials, San Francisco, May 

11-13. 

A Clinical Day on Cataract Surgery and Correc- 
tion of Aphakia, New Hyde Park, NY, May 
13. 

Practical Aspects of Office Neuro-ophthalmolo- 
gy, Milton S. Hershey Medical Center, Her- 
shey, Pa, May 15. 

Seminar on Refractive Surgery, Mercy-Baptist 
Eye Foundation, St Louis, May 17. 

International Symposium on Intraocular Tu- 
mors, Schwerin, German Democratic Repub- 
lic, May 17-20. 

Retina and Vitreous Course, Hospital Militar, 
Bogota, Colombia, May 19-21. 

Alumni Day, University of Illinois Eye and Ear 
Infirmary, Chicago, May 20. 

Pennsylvania Academy of Ophthalmology and 
Otolaryngology, Bedford Springs, Pa, May 20- 
23. 

Neuro-ophthalmology 
Cleveland, May 29-30. 


for the Practitioner, 


June 


Annual Congress of the Ophthalmological Soci- 
ety of South Africa, Sun City, Republic of 
South Africa, June 2-5. 

International Echography Course, Vienna, June 
2-6. 

Yale Alumni Meeting, 
June 5. 

International Congress of Neurogenetics and 
Neuro-ophthalmology, Zurich, Switzerland, 
June 9-12. 

Alumni Day, State University of New York Down- 
state Medical Center, Brooklyn, June 11. 

Ophthalmic Seminar, Genesee-Plaza Holiday 
Inn, Rochester, NY, June 12-13. 

World Congress of Ergophthalmology, Istanbul, 
Turkey, June 14-18. 

Second International Cataract Conference, Flor- 
ence, Italy, June 17-20. 

Current Concepts in Glaucoma and Neuro-oph- 
thalmology, Devers Eye Clinic and University 
of Oregon, Portland, June 18-20. 

Canadian Implant Society, Montreal, June 20. 

Canadian Ophthalmological Society, Montreal, 
June 21-24. 

Microsurgical Workshop, lowa City, June 25- 
ar. 

Section on Ophthalmology, Medical Society of 
the State of New York, Niagara Falls, June 
27. 


New Haven, Conn, 


July 
Diagnosis and Management of Retinal Vascular 


and Macular Disorders, Big Sky, Mont, July 
12-17. 


896 Arch Ophthalmol—Vol 99, May 1981 


August 
International Symposium on Orbital Disorders, 
Amsterdam, Aug 31-Sept 2. 
Functional Basis of Ocular Motility Disorders, 


Wenner-Gren Center, Stockholm, Aug 31- 
Sept 3. 


September 


International Strabismus Symposium, lowa City, 
Sept 17-19. 


October 


International Conference on Myopia, San Fran- 
cisco, Oct 28-30. 


November 
American Academy of Ophthalmology, Atlanta, 
Nov 1-5. 


American Decibel Society, Puerto Rico, Nov 
30-Dec 4. 


December 


Echography Course, lowa City, Dec 1-5. 


1982 


January 


Symposium on Ocular Histoplasmosis, India- 
napolis, Jan 22-23. 


News and Comment 


Alumni Day.—The annual alumni 
day of the State University of New 
York-Kings County Hospital of 
Brooklyn will be conducted June 11, 
1981, at the Downstate Medical Cen- 
ter, Brooklyn, NY. The tenth annual 
J. Eugene Chalfin Memorial Lecture 
will be delivered by Dr Arthur H. 
Wolintz. For further information, con- 
tact Rita Belsky, State University of 
New York Downstate Medical Center, 
Box 58, 450 Clarkson Ave, Brooklyn, 
NY 11208. 


Seminar.—The Sally Letson Sympo- 
sium on Strabismus will be conducted 
at the National Defence Medical Cen- 
tre Auditorium, Smyth Road, Ottawa, 
Canada, Sept 24-25, 1981. The chair- 
man will be Dr Marshall M. Parks, and 
the other panelists will include Drs 
Crawford, Friendly, Guyton, Hoyt, 
and Pratt-Johnson. For further infor- 
mation, contact Dr A. G. Watson, 267 
O'Connor St, Suite 406, Ottawa K2P 
1V3, Ontario, Canada. 


Meeting.—The annual meeting of 
the Section on Ophthalmo ogy of the 
Medical Society of the State of New 
York will be conducted June 27, 1981, 
at the Niagara Falls Convention Cen- 
ter. The morning session will be a 
symposium on vitrectomy: the after- 
noon session will be a symposium on 
muscle surgery. For further informa- 
tion, contact the New York State Oph- 
thalmological Society, 82 Xakely St, 
Albany, NY 12208. 


Fellowship.—Two  positiens for a 
glaucoma fellowship are available July 
1, 1981, at the Ochsner Clinic and the 
Louisiana State University Eye Cen- 
ter. These are one-year fellowships. 
For further information, eontact Dr 
Thom J. Zimmerman, Chairman, De- 
partment of Ophthalmologs, Ochsner 
Clinie, 1514 Jefferson Hwy, New 
Orleans, LA 70121. 


Meeting.—The Canadian Implant 
Association will conduct its annual 
meeting June 20, 1981, at the Queen 
Elizabeth Hotel in Monreal. For 
further information, contact Dr Mar- 
vin L. Kwitko, 5591 Cote des Neiges 
Rd, Suite 1, Montreal H3T 1Y8, Que- 
bec, Canada. 


Meeting.—The 44th annual meeting 
of the Canadian Ophthalmological 
Society will be conducted June 21-24, 
1981, at the Queen Elizabeth Hotel in 
Montreal. For further in-ormation, 
contact the Canadian Ophtaalmologi- 
eal Society, PO Box 8844, Ottawa K8G 
3J2, Ontario, Canada. 


Seminar.—The Rochester Eye Insti- 
tute and the Department of Ophthal- 
mology at Park Ridge Hospital in 
Rochester, NY, will coneuct their 
annual ophthalmic seminar June 12- 
13, 1981, at the Genesee-Plaza Holiday 
Inn. The main topics will be "Vitreo- 
retinal Disease and Extracapsular 
Cataract Surgery." The visiting facul- 
ty will include Thomas M. Aaberg, 
MD, Donald R. Bergsma, MD, Mark E. 
Hammer, MD, K. Buol Heslin, MD, 
Richard H. Keates, MD, Charles L. 
Schepens, MD (Waldert lecturer), and 
Wichard A. J. van Heuven, MD. For 
further information, pleas2 contact 
Katherine Sgabelloni, RN, Coordina- 
tor, Ophthalmic Services, Park Ridge 
Hospital, 1555 Long Pond R4, Roches- 
ter, NY 14626. 
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Red to 
Prefrin 
white... 





almost as 
quick as 
a wink. 


Prefrin™ can quickly put the “white” 
back into your patients’ red eyes. But 
of course, that’s not all that counts. Your 
patients also want relief frem the irri- 
tation. They want to look and feel better, 
too. With fast-acting Prefrin, they can 
get all that. 


Many of today’s patients are very active. 
They love the outdoors — swimming, 
backpacking, skiing, tennis — but they 
are constantly abused by »ool chlorine, 
sun, smog, or dust. Soothing, comfort- 
ing Prefrin gets rid of redness quickly. 

In addition, your contact lens wearers 
can find relief from overwear and 

tired eyes. 

And Prefrin contains unique Liquifilm® 
(polyvinyl alcohol 1.4%), a lubricating 
vehicle that puts the “wet” back into 
their eyes. 


Recommend Prefrin™ Liquifilm® for 
your patients’ red-eye relief. 


Prefrin 


AIleRGIN Pharmaceuticals, Inc., 
© Irvine, California 92713 
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The Eye of Horus 


The origin of today’s prescription symbol “Rx” goes back 5,000 years to the picture 
of the eye of the Egyptian god of healing — Horus. 


DESCRIPTION: VIROPTIC® is the brand name for trifluridine (also 
known as trifluorothymidine, F3 TdR,F3T), an antiviral drug for topical 
treatment of epithelial keratitis caused by Herpes simplex virus. The 
chemical name of trifluridine is 5-trifluoromethyl-2' -deoxyuridine. 
VIROPTIC sterile opththalmic solution contains 1% trifluridine in an 
aqueous solution with acetic acid and sodium acetate (buffers), sodium 
chloride, and thimerosal 0.001 96 (added as a preservative). 

CLINICAL PHARMACOLOGY: Trifluridine is a fluorinated pyrimidine 
nucleoside with in vitro and in vivo activity against Herpes simplex virus, 
types | and 2 and vacciniavirus. Some strains of Adenovirus are also 
inhibited in vitro. 


Intraocular penetration of trifluridine occurs after topical instillation of 


VIROPTIC into human eyes. Decreased corneal integrity or stromal or 
uveal inflammation may enhance the penetration of trifluridine into the 
aqueous humor. Unlike the results of ocular penetration of trifluridine in 
vitro, 5-carboxy-2' -deoxyuridine was not found in detectable concentra- 
tions within the aqueous humor of the human eye. 

INDICATIONS AND USAGE: VIROPTIC brand Trifluridine Ophthal- 
mic Solution, 1% is indicated for the treatment of primary keratocon- 
junctivitis and recurrent epithelial keratitis due to Herpes simplex virus, 
types 1 and 2. VIROPTIC is also effective in the treatment of epithelial 
keratitis that has not responded clinically to the topical administration of 
idoxuridine or when ocular toxicity or hypersensitivity to idoxuridine has 
occurred. In a smaller number of patients found to be resistant to topical 
vidarabine, VIROPTIC was also effective. 

I he clinical efficacy of VIROPTIC in the treatment of stromal keratitis 
and uveitis due to Herpes simplex or ophthalmic infections caused by 
vacciniavirus and Adenovirus has not been established by well-controlled 
clinical trials. VIROPTIC has not been shown to be effective in the 
prophylaxis of Herpes simplex virus keratoconjunctivitis and epithelial 
keratitis by well-controlled clinical trials. VIROPTIC is not effective 


` 





against bacterial, fungal or chlamydial infections of the cornea or nonvi-al 
trophic lesions. 

During controlled multicenter clinical trials, 92 of 97 (95%) patients (78«0f 
81 with dendritic and 14 of 16 with geographic ulcers) responded to 
VIROPTIC therapy as evidenced by complete corneal re-epithelialization 
within the 14 day therapy period. In these controlled studies, 56 of 75 
(75%) patients (49 of 58 with dendritic and 7 of 17 with geographic ulce-s) 
responded to idoxuridine therapy. The mean time to corneal pe- 
epithelialization for dendritic ulcers (6 days) and geographic ulcers {7 
days) was similar for both therapies. In other clinical studies, VIROPT C 
was evaluated in the treatment of Herpes simplex virus keratitis in patierts 
who were unresponsive or intolerant to the topical administration of 
idoxuridine or vidarabine. VIROPTIC was effective in 138 of 150 (92%) 
patients (109 of 114 with dendritic and 29 of 36 with geographic ulcers) as 
evidenced by corneal re-epithelialization. The mean time to corneal re- 
epithelialization was 6 days for patients with dendritic ulcers and 12 days 
for patients with geographic ulcers. 

CONTRAINDICATIONS: VIROPTIC brand Trifluridine Ophthalmic 
Solution, 156, is contraindicated for patients who develop hypersensitivity 
reactions or chemical intolerance to trifluridine. 

WARNINGS: The recommended dosage and frequency of : 
uon should not be exceeded (see Dosage and Administration). 


PRECAUTIONS: 

General: VIROPTIC brand Trifluridine Ophthalmic Solution, 1% should 
be prescribed only for patients who have a clinical diagnosis of herpe-ic 
keratitis 


Iministra- 


VIROPTIC may cause mild local irritation of the conjunctiva amd 
cornea when instilled but these effects are usually transient. 

Although documented in vitro viral resistance to trifluridine has not 
been reported following multiple exposure to VIROPTIC, the possibil- 
ity exists of viral resistance development. 
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For Topical Treatment of 
Epithelial Keratitis Caused by Herpes Simplex Virus 


VIROPTIC 


nfluandine 


OPHTHALMIC SOLUTION, 1% 


STERILE 


95% of Patients Responded" 


During controlled clinical trials 95% of 
patients (92 of 97) responded to 
VIROPTIC therapy. Dendritic and geo- 
graphic ulcers were re-epithelialized in a 
mean time of 6 and 7 days, respectively. 


Significantly More Convenient 

* Less frequent applications 

* No middle of the night dosage 

* None of the blurring and inconvenience 
of ointments 


5 to 9 Drops Daily 


One drop everv 2 hours while awake 
until herpetic lesion has completely 
re-epithelialized, then one drop every 4 
hours for 7 days post-re-epithelialization. 


Carcinogenes;, Mutagenesis, Impairment of Fertility: Mutagenic Potential. 
Triflurid:àe has been shown to exert mutagenic, DNA damaging and 
cell transtorming activities in various standard in vitro test systems, and 
clastoger:cactivity in Vicia faba cells. 

Although the significance of these test results is not clear or fully 
understoec, there exists the possibility that mutagenic agents may cause 
genetic d: mage in humans. 

Oncogeme Potential. The oncogenic potential of trifluridine is un- 
known attis time. The oncogenic potential of trifluridine in rodents is 
being evaiuated. 

Pregnancy: The drug should not be prescribed for pregnant women unless 
the potential benefits outweigh the potential risks. 

Nursing Moers: It is unlikely that trifluridine is excreted in human milk 
after ophthalmic instillation of VIROPTIC because of the relatively 
small dos.:ge (< 5.0 mg/day), its dilution in body fluids and its extremely 
short hali-life (approximately 12 minutes). The drug should not be 
prescribed for nursing mothers unless the potential benefits outweigh 
the potensial risks. 


ADVERSE-REACTIONS: The most frequent adverse reactions reported 
during conerolled clinical trials were mild, transient burning or stinging 
upon instillation (4.6%) and palpebral edema (2.8%). Other adverse reac- 
tions in decreasing order of reported frequency were superficial punctate 
keratopath., epithelial keratopathy, hypersensitivity reaction, stromal 
edema, irritation, keratitis sicca, hyperemia, and increased intraocular 
pressure. 





0 days Sdays after VIROPTIC therapy 


Effective in 138 of 150 patients * 
Unresponsive or Intolerant to 


Idoxuridine or Vidarabine 


In studies of patients unresponsive or 
intolerant to idoxuridine or vidarabine, 
VIROPTIC demonstrated 92% effective- 
ness. Dendritic and geographic ulcers 
were re-epithelialized in a mean time of 
6 and 12 days, respectively. 


*Data on file, Medical Division, Burroughs Wellcome Co. 


OVERDOSAGE: Overdosage by ocular instillation is unlikely because any 
excess solution should be quickly expelled from the conjunctival sac. 


Acute overdosage by accidental oral ingestion of VIROPTIC has not 
occurred. However, should such ingestion occur, the 75 mg dosage of 
trifluridine in a 7.5 ml bottle of VIROPTIC is not likely to produce adverse 
effects. Single intravenous doses of 15-30 mg/kg/day in children and 
adults with neoplastic disease produce reversible bone marrow depression 
as the only potentially serious toxic effect and only after 3-5 courses of 
therapy. The acute oral LDso in the mouse and rat was 4379 mg/kg or 
higher. 


DOSAGE AND ADMINISTRATION: Instill one drop of VIROPTIC 
Ophthalmic Solution, 1% onto the cornea of the affected eye every two 
hours while awake for a maximum daily dosage of nine drops until the 
corneal ulcer has completely re-epithelialized. Following re- 
epithelialization, treatment for an additional seven days of one drop every 
four hours while awake for a minimum daily dosage of five drops is 
recommended. 

If there are no signs of improvement after seven days of therapy, or 
complete re-epithelialization has not occurred after 14 days of therapy, 
other forms of therapy should be considered. Continuous administration 
of VIROPTIC for periods exceeding 21 days should be avoided because of 
potential ocular toxicity. 

HOW SUPPLIED: VIROPTIC Ophthalmic Solution, 156 is supplied as a 


sterile ophthalmic solution in a plastic Drop-Dose® dispenser bottle of 7.5 
ml. Store under refrigeration 2° to 8°C (36° to 46° F). 


Ax The First Antiviral Product From Burroughs Wellcome Co. 


Wellcome 


Research Triangle Park North Carolina 27709 





The oldest continuous 
implantation course 
in the United States. 


One-thousand and sixty-seven 
ophthalmologists trained 
since 1974 


DIRECTORS 
Donald E. Dickerson, M.D. 


poma Kenneth J. Hoffer, MD. 
Monica Observation Live der 
Medical ‘Gene t o 
| 


Pre- and Post-Operative Care 
Complications 


[e] MI Power Calculations 
Center REUS anne Lab 
Intraocular Lens ere 


WENEI 


hagielfotaivoguleyal Terry Keratometer 
Course y NR 


Kenneth J. Hoffer, M.D. 
John E. Gilmore, M.D. 
Dennis D. Shepard, M.D. 
Richard Elander, M.D. 


C. Richard Hulquist, M.D. 
- Charles L. Janes, M.D. 
Intracapsular Techniques Charles E. Olmstead, Ph.D. 
James J. Salz, M.D. 


: Clifford Terry, M.D. 
Extracapsular Techniques Murry K. Weber, M.D. 


Conventional Expression GUEST LECTURERS 
John J. Alpar, M.D. 
e Henry M. Clayman, M.D. 
Phacoemulsification Robert C. Drews, M.D. 
: David D. Dulaney, M.D. 
(Cavitron approved) Malcolm A. McCannel, M.D. 
David J. Mcintyre, M.D. 
Stephen A. Obstbaum, M.D. 
C. William Simcoe, M.D» 





Fee: $750 
Course Dates Lunch and amenities included 


Cancellation: $250 non-refundable service charge 


| | 
| | 
| 

; i | 
| 1981 Approved for 9 units each day continuing medical education | 
| Pp 
| credit CMA and AMA, Category 1 | 
| Name Phone i 
! Address | 
l City State Zip | 
| June 4, 5, 6 Make check payable to | 
| Sept. 10, 11, 12 Santa Monica Hospital Medical Center | 
| Dec. 3,4,5 and mail to Ruth Thompson Creatura | 
| Charlie Ruggles Ophthalmology Department — !* 
| santa Monica Hospital Medical Center ! 
| 1225 Fifteenth Street, Santa Monica, California 90404 @ (213) 451-1511, Ext. 2209 | 
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Our new Autoref R-] offers the 

following features: 

OPEN VIEW MEASUREMENT 

Looking througa clear glass, the patient can 
fix both eyes om a target at desired set dis- 
tance. This elimmnates patient accommodation. 
EASY OPERATICN 

Office assistants can easily be trained to oper- 
ate the Canon Autoref R-1. 

QUICK MEASUREMENT 

in only O.2 seccnd, the eyes can be measured 
and the result instantly displayed on the TV 
monitor or print out. 


COMPACTNESS 

Takes up little office space. 

Find out more about the new Canon Autoref 
R-| and how your practice can benefit from 
its use. 


CANON U.S.A., INC. CHICAGO OFFICE 


14O Industrial Dr., Elmhurst, IL 60126 312/833-3070 
NEW YORK -One Canon Plaza, 

Lake Success, NY 11042 516/488-6700 
LOS ANGELES -123 Paularino Ave., East 

Costa Mesa, CA 82626 714/979-6000 
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VI-UA! ! CT OP Y^IO! OGY 
. TEST SYSTEM 








VERSATILE: A single instrument 
records both the EOG and the ERG. 

In ERG mode, switch-selectable 
recording parameters optomize for 
conventional ERG, Flicker, Early 
Receptor Potential, or Oscillatory 
Potential. A plug-in digital averager 
expands system capability to include 
visual evoked responses (VERs) and 
low-level ERGs (eg., with eyelid rather 
than contact lens electrodes). Both 
ERG /EOG and averager are available 
in either single- or dual-channel 
versions. Also available is a complete 
selection of accessory instrumentation, 
including stimulators, electrodes, and 
monitor oscilloscope. 
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1. ERG from normal dark-adapted 
eye. Above: "Normal" mode; Below: 
"OSC" mode, gain increased. In 
"OSC" mode the response is filtered 
to emphasize the oscillatory 
potential. 


2. Visual evoked responses 
recorded from right and left occiputs 
(dual channel system). The patient 
has an optic chiasm lesion. 


ACCURATE: ERG and VER responses 
are stored in digital memory to achieve 
the high frequency response 
necessary to record the ERG and VER 
with fidelity. 

CLINICALLY PRACTICAL: Rugged, 
compact and lightweight. Simplified 
controls allow technical personnel to 
obtain high-quality records with 
minimal training. All responses are 
plotted at relatively slow paper speed 
to create compact records. Repeated 
activation of playback switch makes 
multiple copies of stored ERG or VER 
waveforms for teaching, reporting and 
multiple filing. 


VISUAL ELECTROPHYSIOLOGY TEST SYSTEM 
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3. ERG recorded from lower eyelid 
with averaging. "N"s at left of traces 
indicate the number of responses 





BACKED BY EXTENSIVE SERVICE 
FACILITIES: With purchase of a 
complete ERG system, trained 
Life- Tech medical instrumentation 
specialists will provide on-site 
installation and operator instruction. 
All Life- Tech instruments are backed 
by a nationwide service center network 
supported by a comprehensive factory 
service department. 


For additional information. call or 
write: -- 


Life-Tech 
Instruments, Inc. 


BOX 36221 - HOUSTON, TEXAS 77036 i713) 783-6490 
NORMAL 


RETINITIS PIGMENTOSA 
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4. Above: normal EOG with 
light-peak /dark-trough ratio of 2.4. 
Below: abnormal EOG ir retinitis 
pigmentosa with light-peak / dark- 
trough ratio of 1.0. (EOG mode, 0.5 
mm chart speed). 
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NEW 40-MONTH STUD 
LONG-TERM EFFICAC ı 
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AND TOLERABILIT ı 


In an open, long-term maintenance study* TIMOPTIC 
was given for up to 40 months to patients with 
chronic open-angle glaucoma or elevated IOP at 
sufficient risk to require lowering of the ocular 
pressure. 


Results: 96% of the patients exhibited IOP values of 
= 21mm Hg at each measurement during treatment 
with TIMOPTIC...and the drug was generally well 
tolerated. (See graphs and data on facing page.) 


A better quality of life 
for many patients 
Patients on TIMOPTIC generally do not 


experience the following therapy-limiting side effects: 


night blindness/ blurred vision/dimming of vision** 


Patients on TIMOPTIC have significantly fewer and 
less severe side effects than those on pilocarpine 
or epinephrine, i.e., a much lower incidence of 
ocular discomfort—such as less burning, smarting, 
itching, browache, and headache** 


TIMOPTIC is contraindicated in patients who are 
hypersensitive to any component of this 

product. As with other topically applied ophthalmic 
drugs, this drug may be absorbed systemically. 


a rm cam a a u—— a 


As with the use of other antiglaucoma drugs, 
diminished responsiveness to TIMOPTIC after 
prolonged therapy has been reportec in some 
patients. 

* Additional information available upon request, 
Merck Sharp & Dohme, West Point, Pa. 19486. 

* *Based on controlled multiclinic studies. Data on file, 

Merck Sharp & Dohme Research Laboratories 
Additional information available upon request 
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OPHTHALMIC SOLUTION 
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mean percent reduction from baseline* 
IOP mamtained for up to 40 months 







(Baseline Mean ICP*) 


Mean IOP (mm Hg) 





ny Lj . There was virtually no loss of therapeutic effect in 
mp ite F G S ae " d ^ 36 | patents treated for up to 40 months with TIMOPTIC 


: 108 108 107 107 105 105 s4 76 | along, i.e.,the IOP of almost all patients was lowered 





Patients 1 
BEBE Ei a" | 35d —224 03 24 ns 212 E 102 mm Ag or below throughout the study* 
Mean 0 K 
Mean Percent f : 
zc —16.6 3159  —14.6 —16.6 —16.2 —15.8 —13.5 —14.0 B tof the 110 patients on TIMOPTIC alone, 9| were on 
t from AA AA AA AA AA AA |» ^ ^. previous antiglaucoma treatment and had a treated baseline 
Baseline Day 1 -meon IOP of 21.4 mm Hg. The 19 patients with no previous 


antiglaucoma treatment had an untreated baseline mean 
IOP of 273 mm Hg. Thus, the mean IOP at baseline fcr the 
combined group is 22.5 mm Hg. 

A ASignificant percent change from baseline, p< 0.01 






% of patients on TIMOPTIC alone 
who reported an adverse reaction that was 


5 considered tc be drug related* | long-term tolerability of 


0.9% (1 of 110 patients) A 

. During the 40-month study* 14 of 110 patients (13%) 
0% 20% 40% 60% 80% 0v. t. on TIMOPTIC alone reported an adverse 

reaction, but only one of these, an allergic reaction, 
was considered to be drug related. 





% of patients on TIMOPTIC alone 
who reported an adverse reaction* 





i 
f Visual disturbances including refractive changes (due 
__ to withdrawal of miotic therapy in some cases) have 
been infrequently associated with therapy with 
i | * TIMOPTIC. Rarely, aphakic cystoid macular edema 

244 Oe paheni) É- has been reported, but a causal relationship to 
therapy with TIMOPTIC has not been established. 
i 
: 





096 2096 4095 6096 80% 100% 
* Additional information available upon reques;, 
Merck Sharp & Dohme, West Point, Pa. 19486. 
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OPHTHALMIC SOLUTION 


a beta-adrenergic blocking agent 
in ophthalmic solution 


a significant advance for the reduction of IOP in: 
e chronic open-angle glaucoma 

e aphakic glaucoma 

e some patients with secondary glaucoma 


e patients with elevated intraocular pressure at sufficient 
risk to require lowering of the ocular pressure 


e some patients who respond inadequately to multiple 
antiglaucoma drug therapy. The addition of TIMOPTIC 
may produce a further reduction of IOP. 


How to start patients on TIMOPTIC: 
Usual starting dosage: one drop 0.25% TIMOPTIC in 
the affected eye(s) twice a day. 


How to transfer from a single antiglaucoma agent 
to TIMOPTIC: | 
1. On the first day: continue with the agent already 
being used and add one drop 0.2596 TIMOPTIC in the 
affected eye(s) b.i.d. 


2. On the second day: discontinue the previously used 


agent and continue with TIMOPTIC in the affected eye(s) b.i.d. 


If clinical response is not adequate: 
— Wosage may be increased (from the 0.25% solution) by 


changing to one drop 0.596 TIMOPTIC twice a day in the 
affected eye(s). Dosages above one drop of 0.5% TIMOPTIC 
twice a day generally have not been shown to produce 
further reduction of IOP. If the intraocular pressure is 
maintained at satisfactory levels, the dosage schedule may 
be changed to one drop once a day in the affected eye(s). 
Because of diurnal variations in intraocular pressure, 
satisfactory response to the once-a-day dose is 
best determined by measuring the intraocular pressure 
at different times during the day. 
in patients with a history of severe cardiac disease, 
pulse rates should be checked. 


CONTRAINDICATIONS: TIMOPTIC is contraindicated in patients 
who are hypersensitive to any component of this product. 
WARNINGS: As with other topically applied ophthalmic drugs, 
this drug may be absorbed systemically. 

PRECAUTIONS: Should be used with caution in patients with 
known contraindications to systemic use of beta-adrenergic 
receptor blocking agents. These include bronchospastic 
disease; sinus bradycardia and greater than first-degree block; 
cardiogenic shock; cardiac failure; concomitant use with 
adrenergic-augmenting psychotropic drugs. In patients with 

a history of severe cardiac disease, pulse rates should be 
checked. Patients who are already receiving a beta-adrenergic 
blocking agent orally and who are given TIMOPTIC should be 





observed for a potential additive effect either on the intraocular 
pressure or on the known systemic effects of beta blockade. 

Sufficient clinical data have not been obtained to show safety 
or efficacy in narrow-angle or angle-closure glaucoma. 

As with the use of other antiglaucoma drugs, diminished 
responsiveness to TIMOPTIC after prolonged therapy has been 
reported in some patients. However, in one long-term study in 
which 96 patients have been followed for at least 3 years, no 
significant difference in mean intraocular pressure has been 
observed after initial stabilization. 

Although TIMOPTIC used alone has little or no effect on pupil 
size, mydriasis resulting from concomitant therapy with TIMOPTIC 
and epinephrine has been reported occasionally 
Pregnancy: TIMOPTIC has not been studied in human pregnancy. The 
use of TIMOPTIC in pregnant women requires that the anticipated 
benefit be weighed against possible hazards. 

Use in Children: Since clinical studies in children have not been 
done, TIMOPTIC is not recommended for use in children at this 
time. 

Animal Studies: No adverse ocular effects were observed in 
rabbits and dogs administered TIMOPTIC topically in studies 
lasting one and two years respectively. 

Lifetime studies with timolol have been completed in rats at oral 
doses of 25, 100, and 300 mg/kg/day and in mice at oral doses Y 
of 5, 50, and 500 mg/kg/day. In male and female rats and male 
mice at all dose levels and in female mice at dose levels of 5 and 
50 mg/kg/day, timolol demonstrated no carcinogenic effect. 
There was a slight increase in the incidence of mammary 
adenocarcinomas in female mice that received 500 mg/kg/day 
(about 500 times the maximum recommended human oral dose 
on a mg/kg basis). Timolol caused dose-related elevations of 
serum prolactin in female mice at doses of 100 mg/kg or more, 
but only very slight transient elevations were found in male 
mice at doses of 500 mg/kg. Since numerous studies have 
demonstrated that drugs which cause elevations of serum 
prolactin are associated with mammary tumors in rodents, the 
mammary tumors in the female mice in the highest dosage group 
of this study were considered to have resulted from an increased 
serum prolactin. In humans, no such association between serum 
prolactin and mammary carcinoma has been established. 
Furthermore, in adult human female subjects who received oral 
dosages of up to 60 mg of timolol, the maximum recommended 
human oral dosage, there were no clinically meaningful changes 
in serum prolactin. 

ADVERSE REACTIONS: TIMOPTIC Ophthalmic Solution is 
usually well tolerated. The following adverse reactions have been 
reported either in clinical trials of up to 3 years' duration prior to 
release in 1978 or since the drug has been marketed: 

Signs and symptoms of ocular irritation, including conjunctivitis, 
blepharitis, and keratitis, have been reported occasionally. 

Hypersensitivity reactions, including localized and generalized 
rash, and urticaria have been reported rarely. 

Visual disturbances including refractive changes (due 
to withdrawal of miotic therapy in some cases) have been 
infrequently associated with therapy with TIMOPTIC. Rarely, 
aphakic cystoid macular edema has been reported, but a causal 
relationship to therapy with TIMOPTIC has not been established. 

Aggravation or precipitation of certain cardiovascular and - 
pulmonary disorders has been reported, presumably related 
to effects of systemic beta blockade (see PRECAUTIONS). 

These include bradyarrhythmia, hypotension, syncope, and 
bronchospasm (predominantly in patients with pre-existing 
bronchospastic disease). In clinical trials, slight reduction of 
the resting heart rate in some patients (mean reduction 2.9 
beats/minute, standard deviation 10.2) has been observed. 

The following adverse effects have been reported rarely, and 
a causal relationship to therapy with TIMOPTIC has not been 
established: headache, anorexia, dyspepsia, nausea, dizziness, 
CNS effects (fatigue, confusion, depression, somnolence, and 
anxiety), palpitation, and hypertension. 

HOW SUPPLIED: TIMOPTIC Ophthalmic Solution, 0.2596 and 
TIMOPTIC Ophthalmic Solütion, 0.596. Both are available in 5-ml 
and 10-ml plastic OCUMETER* Ophthalmic Dispensers with a 
controlled drop tip 381(DC7046012) 


* 
M £e D For more detailed information, 
consult your MSD representative and 
ENSE the full Prescribing Information. 
SH Merck Sharp & Dohme, Division of 
HME Merck & Co., INC., West Point, Pa. 19486 








THE MOST COMPREHENSIVE ULTRASOUND INSTRUMENT 
AVAILABLE FOR OPHTHALMOLOGICAL DIAGNOSIS 


ALL MODES AVAILABLE 


A SCAN: Standardized A scan with S curve amplification, 
Log 25 db and Log 40 db. 
4 B SCAN: High resolution, true gray scale. 
D SCAN: Isometric/ Topographical. 
CV SCAN: Control vector. 
X SCAN: Biometry, including direct readout of axial eye length. 


IMAGE FREEZE IN ALL MODES: 


Insures the permanent Poloroid® record you really want. 
Eliminates expensive trial and error exposures. 


MINIATURIZED CONTACT B PROBE: 
With incorporated water path; motionless, quiet, rugged. 


MICROPROCESSOR CONTROLLED: 
Fully digitized system. 
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Loxoscelism of the Eyelids 


To the Editor.-The article by Ed- 
wards et al entitled "Loxoscelism of 
the Eyelids” in the November AR- 
CHIVES (1980;98:1997-2000) has the fol- 
lowing flaws, in my opinion. 

1. I do not believe the author can 
demonstrate that this necrosis of the 
eyelids was due to loxoscelism at all. 
The spider was not recovered to be 
identified by an expert, nor were find- 
ings from specific immunologic 
studies presented. The editors of the 
principal scientific journal concerned 
with studies of venoms, Toxicon, have 
repeatedly protested the publication 
of cases of envenomation of humans 
in which no evidence of the source of 
the venom can be given. 

2. Considering only cases of proved 
loxoscelism, no similar pattern of 
spread of venom away from the site of 
the bite is known. In the human der- 
mis, the venom is rapidly fixed to 
blood vessels, and so, almost always, 
necrosis at the original site is rapid 
and most severe. This clinical and 
historic point is unclear in the case 
report of Edwards et al. 

3. In cases of proven typical loxos- 
celism, seizures are not reported at all. 
In fact, usually a week after the enve- 
nomation, all venom-mediated injury 
is complete. The author should explain 
the lateness of the seizure, and the 
even later development of lesions on 
the eyelids. 

4. Ten-year-old information about 
the chemistry and toxicology of the 
venom is badly out-of-date. 

5. Comparative studies of mild lox- 
oscelism do not support the clinical use 
of antihistamines. No medication is 
known to affect the extent of cuta- 
neous necrosis, and most mild cases 
resolve equally well with or without 
steroids, as shown by Berger.’ 

6. No persuasive studies with prop- 
er controls have even demonstrated 
that immediate excision of Loxosceles 
reclusus bites is proper therapy. Exci- 
sion as soon as possible after the bite 
has not been shown to lessen disability 
in humans. Early excision is certainly 


not customary therapy. More anecdot- 
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al evidence exists against early exci- 
sion than for it. The one study cited on 
the dermis of the rabbit should be 
discounted because the composition of 
the dermis of the rabbit is so enor- 
mously unlike the human dermis. 
Until proper well-controlled studies in 
humans are done, such expensive and 
potentially disabling procedures are 
not warranted, routinely. 

7. Later, surgical management of 
necrotic skin, after the severity of the 
bite is known and adverse systemic 
effects are controlled, is well-estab- 
lished, safe, and often necessary 
treatment. The discussion of Edwards 
et al did not distinguish between 
immediate excision, which I suggest is 
not useful or customary treatment, 
and the proper conservative surgical 
care of cutaneous necrosis, which was 
illustrated in this case. 

PHILIP C. ANDERSON, MD 
Columbia, Mo 


1. Berger RS: The unremarkable brown recluse 
spider bite. JAMA 1973;225:1009-1011. 


Risk Factors for Visual Field Loss 
in Glaucoma 


To the Editor.—Despite methodologic 
problems that were carefully detailed 
by the authors in the December 
ARCHIVES (1980;98:2163-2171), their ar- 
ticle corroborates earlier analyses of 
major risk factors in glaucoma. Of 
special interest is the large number of 
participants followed up for develop- 
ment of glaucomatous field loss dur- 
ing long periods. The life-table analy- 
sis shows that the annual incidence of 
glaucomatous field loss among partici- 
pants who have an initial intraocular 
pressure of greater than or equal to 20 
mm Hg was 7/1,000 to 17/1,000 (mean, 
13.6/1,000 + 4/1,000) during the 
“first” five years of follow-up. Some- 
what surprisingly, there was little 
consistent variation during this time. 
Although these results may be real, 
they may also reflect the small num- 
ber of conversions (persons in whom 
field loss develops) encountered, or 
variations in the composition of the 
populations that constitute the annual 
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"at risk" groups. It would be useful to 
know whether these populations were 
similar regarding the major risk fac- 
tors, particularly age and !OP at time 
0. It would also be helpful to those 
planning future studies if the authors 
could provide incidence for various 
levels of IOP (eg, 20 to 24 mm Hg, 25 
to 29 mm Hg, and so on) and age at 
time 0. 

ALFRED SOMMER, MD 

Baltimore 


Disc Edema and 
Normal Visual Acuity 


To the Editor.—The report by Pavan 
et al in the December ARCHIVES 
(1980;98:2193-2195) on optie dise ede- 
ma in juvenile-onset diabetes men- 
tions that "the differentia! diagnosis 
of edematous optic discs with good 
vision and full fields includes papille- 
dema and hypertension.” 

For the sake of completeness, per- 
haps it should be mentioned that disc 
edema with preserved visual function 
can also be seen in cases of syphilitic 
optic perineuritis.' Although this di- 
agnosis is made infrequently, cases 
still occur.” Additionally, mild cases of 
the so-called papillophlebitis, also 
known as optic disc vasculitis,’ can be 
bilateral and simulate papilledema. 
The differentiation of these clinical 
entities can be achieved, of course, by 
appropriate laboratory investigation. 

JAMES A. RusH, MD 
Tampa, Fla 


1. Walsh FB: Syphilis of the opticnerve. Trans 
Am Acad Ophthalmol Otolaryngol 1956;60:39-42. 

2. Rush JA: Syphilitic optic perineuritis. Am J 
Ophthalmol, to be published. 

3. Hayreh SS: Optic disc vasculitis. Br J Oph- 
thalmol 1972;56:652-670. 


In Reply.—The comments of Dr Rush 
are well taken. However, I did point 
out that the cases reported in our 
article could not be differentiated 
from mild cases of so-called papillo- 
phlebitis, and I referred to the excel- 
lent article by Hayreh on optic dise 
vasculitis published in 1972. 

PETER R. Pavan, MD 

Iowa City 
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COOPERVISION INTRODUCES 
THE ONE-PHOE-CALL h ' CURA: "CE PLar 


. CAN ANYTHING BE MORE SIMPLE? 


When your patients lose or damage a 
PERMALENS® (perfilcon A) Extended-Wear 
Contact Lens, all you have to do is make 
one phone call to us and refit the patient 
as you normally would, either from your 
inventory or with the lens we'll send you. 
That's all—you won't have to bother with 
record-keeping, claim forms, deductibles, 
returning damaged lenses, or special 
billing for insured lenses. Your phone call 
to us verifies the patient's coverage and 
sends a replacement lens on its way to you. 
We bill the patient directly for the lens. You 
follow your normal procedures for billing 
for your services. 

Isn't this the kind of insurance program 
you'd like for your patients? If so, return the 
coupon today for more details, or call us at 


(800) 227-8170; ml 
in California, = 
(800) 982-6100: 


i in Alaska, Hawaii, 
(800) 227-8498. 

























Send to: 


c 
Gopervision 
CONTACT LENS INSURANCE SERVICE, INC. 
PO. Box 2004, Alviso, CA 95002 


L4 Please send me additional information and 
application forms for PERMALENS Protection Program. 


O Please have a CooperVision, Inc. Optics Division 
Representative call on my practice to discuss the 
PERMALENS Protection Program. 
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THE MID-ATLANTIC OPHTHALMIC MICRO-SURGERY SOCIETY 
PRESENTS 





i A 2-day advanced course on cataract surgery with emphasis on anterior chamber and posterior chamber intra-ocular lenses. 
| Capitol Hill Hospital, Washington D.C. 
" Friday, June 26—Saturday, June 27, 1981 


i Co-Directors: John McTigue, M.D.—Washington, D.C. 
| Stephen P. Ginsberg, M.D.—Silver Spring, Md. 
Amos J. Willis, M.D.—Fredericksburg, Va. 
Faculty: 
Robert F. Azar, M.D.—New Orleans, La., Stephen P. Ginsberg, M.D.—Silver Spring, Md., Larry Leiske, M.D.—Glendale, Ca., Mr. Tom Lloyd, NewPoint 
Richey, FI., John McTigue, M.D.—Washington D.C., Mr. Gerald Mitchelmore (Xenotec) —Hagerstown, Md., John H. Sheets, M.D.—Odessa, Texas, 


Robert F. Stephens, M.D.—Bethesda, Md., Jerald L. Tennant, M.D.—Dallas, Texas, Kerry Thompson, M.D.—Takoma Park, Md., Mr. Barrett 
Walker—Atlanta, Ga., Amos J. Willis, M.D.—Fredericksburg, Va. 


The Ist Annual Turgut N. Hamdi Memorial Lecture will be given. 


A full spouses, program with tours of the Nation's Capitol. A registrant's reception included that will be hosted by the Chief Justice of the United 
States and Mrs. Warren E. Burger. 


Approved CME credit—16 units 
Registration: 


Enrollment limited to experienced ophthalmic microsurgeons. 
Registration fee—$350.00 


(Make checks payable to the Mid-Atlantic Ophthalmic Micro-Surgical Society). 
NAME: 


ADDRESS: 
CITY: STATE: 
TELEPHONE: Area Code H ( ) 
oC.) 


Please make hotel reservations for: 
Hyatt-Regency Hotel (Capitol Hill): YES: NO: if yes: (DOUBLE: SINGLE: ) = of ROOMS: 
Is spouse accompanying? YES OR NO 
Return registration and check to (by JUNE 15th): 
THE MID-ATLANTIC OPHTHALMIC MICRO-SURGERY SOCIETY 
(c/o Dr. Amos Willis) 217 BUTLER ROAD 
FREDERICKSBURG, VIRGINIA 22401 





Saturday June 20, 1981 
St. Mary’s Hospital 
in cooperation with the 
Canadian Implant Association 
The Queen Elizabeth Hotel 
MONTREAL QUEBEC CANADA 
LENS IMPLANT COMPLICATIONS 
RADIAL KERATOTOMY 
SURGERY FOR CORNEAL ASTIGMATISM 


Guest speaker: Professor Svataslav N. Fyodorov 






HENRY FORD HOSPITAL 
OPHTHALMOLOGY 
ALUMNI AND FACULTY 


PRESENT 


TWO DAYS OF CURRENT 
AND CONTROVERSIAL SUBJECTS 









































Speakers: 
JUNE 12-13, 1981 Robert A. Azar, M.D. Leeds E. Katzin, M.D. 
Richard D. Binkhorst, M.D. Marvin Kwitko, M.D. 
CATEGORY | CME CREDITS Miles A. Galin, M.D. Steven Ostbaum, M.D. 
David A. Hiles, M.D. Casimir A. Swinger, M.D. 








Registration Fee: $125.00 

Recent innovations in anterior segment surgery has led 

to intense interest in these modalities. The symposium is 

intended to bring together noted authorities in these new 

surgical fields to explore and evaluate their potential. 

Pediatric lens implantation, errors in lens power calcula- 

tion, treatment of excess astigmatism, surgical treatment 

of myopia, treatment and prevention of lens implant 
complications will all be discussed. 

For information write: 
Dr. Marvin L. Kwitko, Program Chairman 
3991 Cote des Neiges Road, Suite 1 
Montreal, Quebec, Canada. H3T 1Y8 






Registration: 
$125 For Practicing Physicians 











For Information/Registration, Contact: 







Ray Dixon, M.D., 
Henry Ford Hospital 
Dept. of Ophthalmology 
2799 W. Grand Blvd. 
Detroit, MI 48202 
Ph: 1-313-876-3229 


































Three internationally-recognized 
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ophthalmologists lead an important 
question-and-answer discussion on 
extended-wear contact lenses. 








Jack Hartstein, M.D. 
will discuss the concept 
of extended-wear. 

Dr. Hartstein has partici- 
pated in numerous ex- 
tended-wear clinical 
evaluations since studies 
began in 1976. Dr. Hart- 
stein is Assistant Profes- 
sor of Clinical Ophthal- 
mology at Washington 
University School of 
Medicine and Chairman 
ofthe Department of 
Ophthalmology, Missouri 
Baptist Hospital. 


Louis A. Wilson, M.D. 
will discuss the perform- 
ance of available ex- 
tended-wear products. 
Dr. Wilsons extensive 
background includes 
numerous contact lens 
clinical studies and con- 
tinuous involvement in 
extended-wear since 
1976. Dr. Wilson is a Pro- 
fessor of Ophthalmology 
and Director of the 
Contact Lens Clinic at 
Emory University 

School of Medicine. 


Harold A. Stein, M.D. 
will discuss consid- 
erations involved in 
extended-wear practice 
management. Dr. Stein 
has had a great deal of 
practical experience 
with extended-wear in 
Canada, where the 
lenses were introduced 
in the mid 1970's. Dr. 
Stein is Chief ofthe De- 
partment of Ophthal- 
mology at Scarborough 
General Hospital and is 
Assistant Professor of 
Ophthalmology at the 
University of Toronto. 


Roundtable 81 Program: 


Bi Individual lectures by 
each panelist. 


ll Open question-and- 
answer session. 


ll Reception, providing 
an cpportunity for 
informal discussion. 


Roundtable 81 in three cities: 


Chicago; May 29, 
Downtown Marriott, 
1:00-5:00 p.m. 


Denver; June 19, 
Stouffers Denver Inn, 


11:00-4:00 p.m. 


Seattle; July 24, 
Red Lion Inn, 
11:00-4:00 p.m. 


Call toll-free, 800-227-8170,for your reservations 
In California call toll-free 800-982-5832 
or write Extended Wear Roundtable 81, Cooper Vision, Inc., Optics Division, 
2801 Orchard Parkway, San Jose, CA 95134. 


| 


Provided as a professional service by: 


(Goper Vision Inc. 
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Marcaine uci (bupivacaine HCI) 


with or without epinephrine 1:200.000 


Indications: Peripheral nerve block, infiltration, sympathetic 
block, caudal, or epidural block. 


Contraindication: Marcaine is contraindicated in patients with 
known hypersensitivity to it. 


Warnings: RESUSCITATIVE EQUIPMENT AND DRUGS 
SHOULD BE READILY AVAILABLE WHEN ANY LOCAL AN- 
ESTHETIC IS USED. 


Usage in Pregnancy. Reproduction studies have been performed 
in rats and rabbits and there is no evidence of harm to the animal 
fetus. The relevance to the human is not known. Safe use in 
pregnant women other than those in labor has not been 
established. 


Until further clinical experience is gained, paracervical block 
with Marcaine is not recommended. Fetal bradycardia frequently 
follows paracervical block with some amide-type local anes- 
thetics and may be associated with fetal acidosis. Added risk 
appears to be present in prematurity, toxemia of pregnancy, 
and fetal distress. 


The obstetrician is warned that severe persistent hypertension 
may occur after administration of certain oxytocic drugs, if 
vasopressors have already been used during labor (e.g., in the 
local anesthetic solution or to correct hypotension). 


Solutions containing a vasoconstrictor, particularly epinephrine 
or norepinephrine, should be used with extreme caution in 
patients receiving monoamine oxidase (MAO) inhibitors or anti- 
depressants of the triptyline or imipramine types, because 
severe, prolonged hypertension may result. 


Local anesthetics which contain preservatives, i.e., those sup- 
plied in multiple dose vials, should not be used for caudal or 
epidural anesthesia. 


Until further experience is gained in children younger than 12 
years, administration of Marcaine in this age group is not 
recommended. 


Precautions: The safety and effectiveness of local anesthetics 
depend upon proper dosage, correct technique, adequate pre- 
cautions, and readiness for emergencies. 


The lowest dosage that gives effective anesthesia should be 
used in order to avoid high plasma levels and serious systemic 
side effects. Injection of repeated doses of Marcaine may cause 
significant increase in blood levels with each additional dose, 
due to accumulation of the drug or its metabolites or due to 
slow metabolic degradation. Tolerance varies with the status of 
the patient. Debilitated, elderly patients and acutely ill patients 
should be given reduced doses commensurate with age and 
physical condition. 


Solutions containing a vasoconstrictor should be used cau- 
tiously in areas with limited blood supply, in the presence of 
diseases that may adversely affect the patient's cardiovascular 
system, or in patients with peripheral vascular disease. 


Marcaine should be used cautiously in persons with known 
drug allergies or sensitivities, particularly to the amide-type 
local anesthetics. 


Serious dose-related cardiac arrhythmias may occur if prepara- 
tions containing a vasoconstrictor such as epinephrine are em- 
ployed in patients during or following the administration of 
chloroform, halothane, cyclopropane, trichloroethylene, or other 
related agents. In deciding whether to use these products con- 
currently in the same patient, the combined action of both 
agents upon the myocardium, the concentration and volume 


PRODUCT IDENTIFICATION 








Marcaine HCI Epinephrine* | Methyl- Sodium Thio- Ascorbic 
(brand of (as bitartrate) | paraben Bisulfite glycerol Acid 

bupivacaine HCI) 

% mg./ml. Dilution mg./ml. mg./ml. ml/ml.  mg./ml. 

0.25 2.5 — 

0.25 2.5 1:200,000 

0.5 9.0 — 

0.5 9.0 1:200,000 

0.75 7.5 — 

0.75 7.5 1:200,000 Not Available in Vials 


MULTIPLE DOSE VIAL 


Sodium 


ml./ml. 





of vasoconstrictor used, and the time since injection, when 
applicable, should be taken into account. 


Caution is advised in administration of repeat doses of Marcaine 
to patients with severe liver disease. 


Use in Ophthalmic Surgery: When Marcaine 0.75% is used for retro- 
bulbar block, complete corneal anesthesia usually precedes onset 
of clinically acceptable external ocular muscle akinesia. Therefore, 
presence of akinesia rather than anesthesia alone should deter- 
mine readiness of the patient for surgery. 


Adverse Reactions: Reactions to Marcaine are characteristic of 
those associated with other amide-type local anesthetics. A 
major cause of adverse reactions to this group of drugs is exces- 
sive plasma levels, which may be due to overdosage, inadver- 
tent intravascular injection, or slow metabolic degradation. 


Excessive plasma levels of the amide-type local anesthetics 
cause systemic reactions involving the central nervous system 
and the cardiovascular system. The central nervous system 
effects are characterized by excitation or depression. The first 
manifestation may be nervousness, dizziness, blurred vision, 
or tremors, followed by drowsiness, convulsions, unconscious- 
ness. and possibly respiratory arrest. Since excitement may be 
transient or absent, the first manifestation may be drowsiness, 
sometimes merging into unconsciousness and respiratory 
arrest. Other central nervous system effects may be nausea, 
vomiting, chills, constriction of the pupils, or tinnitus. The cardio- 
vascular manifestations of excessive plasma levels may include 
depression of the myocardium, blood pressure changes (usually 
hypotension), and cardiac arrest. In obstetrics, cases of fetal 
bradycardia have occurred (see Warnings). 


Allergic reactions, which may be due to hypersensitivity, idio- 
syncrasy, or diminished tolerance, are characterized by cutane- 
ous lesions (e.g., urticaria), edema, and other manifestations of 
allergy. Detection of sensitivity by skin testing is of doubtful 
value. 


Reactions following epidural or caudal anesthesia also may 
include: high or total spinal block; urinary retention; fecal in- 
continence; loss of perineal sensation and sexual function: 
persistent analgesia, paresthesia, and paralysis of the lower 
extremities; headache and backache; and slowing of labor and 
increased incidence of forceps delivery. 


Treatment of Reactions. Toxic effects of local anesthetics re- 
quire symptomatic treatment; there is no specific cure. The 
physician should be prepared to maintain an airway and to 
support ventilation with oxygen and assisted or controlled respi- 
ration as required. Supportive treatment of the cardiovascular 
system includes intravenous fluids and, when appropriate, vaso- 
pressors (preferably those that stimulate the myocardium). 
Convulsions may be controlled with oxygen and intravenous 
administration, in small increments, of a barbiturate, as follows: 
preferably, an ultrashort-acting barbiturate such as thiopental 
or thiamylal; if this is not available, a short-acting barbiturate 
(e.g.. secobarbital or pentobarbital) or diazepam. Intravenous 
barbiturates or anticonvulsant agents should only be adminis- 
tered by those familiar with their use. 


= BREON LABORATORIES INC. 
90 Park Avenue, New York, N Y. 10016 


References: 

1. Gills JP, Rudisill JE: Bupivacaine in cataract surgery. Ophthalmic 
Surg 5:67-70, 1974. 

2. Carolan JA, Cerasoli JR, Houle TV: Bupivacaine in retrobulbar 
anesthesia. Ann Ophthalmol 6(8):843-847, 1974. 

3. Kennerdell JS, Rydze D, Robertson M: Comparison of retrobulbar 
Marcaine and combined Marcaine-Carbocaine in ophthalmic 
surgery. Ann Ophthalmol 8(10):1236-1240, 1976. 


FORMULA 





SINGLE DOSE AMPUL 














6096 Edetate | Sodium Thio- Ascorbic 60% Edetate 
Calcium | Bisulfite glycerol Acid Sodium Calcium 
Lactate Disodium Lactate Disodium 
mg./ml. | mg./ml. ml/ml. mg./mi.  mL/ml.  mg./ml. 

57 Sons B 007 -DA 

9 .001 2 0017 0.1 

9 .001 2 .0017 0.1 


Note: The pH of these solutions is adjusted with sodium hydroxide or hydrochloric acid. Sodium chloride has been added to make each solution isotonic. 


“Solutions of Marcaine that contain epinephrine should not be autoclaved. Federal law prohibits dispensing without a prescription. 








©1980 Breon Laboratories Inc. 








NOW 
More pain-free time for 
ophthalmic surgery 


and postoperative recovery. 













niplete, ar olonged anest 7eSia and akinesia with 
Marcaine 0.75%—essential for your procedure and the 
crucial early healing period! ^? 








ll | asts up to 3 times as long as lidocaine for retrobulbar 
anesthesia! ^? 


lll Little or no need for postoperative analgesics:?? 


Marcaine uc 
(bupivacaine HCI) 


with or without epinephrine 1 -200.000 
See important product information concerning warnings, adverse reactions, patient selection and prescribing and 
precautionary information on adjacent page. 


Over 70 years experience in 
meeting the instrumentation needs 
of ophthalmic practitioners are 
reflected in the superb quality and 
dependability of the Bausch & 
Lomb line of ophthalmic instru- 
ments. 

The new Bausch & Lomb 
Ophthalmic Chair facilitates 
patient positioning and assures 
complete patient comfort. The 
new Bausch & Lomb Instrument 
Stand provides precise alignment 
for the refractor, keratometer and 
slit lamp. Hand instruments are 
instantly accessible from canted 
wells. Both chair and stand 
are available in 10 pleasing 
colors to match your 
office decor. 

The Bausch & Lomb 
Keratometer has long been 
considered the standard 
of accuracy for measur- 
ing corneal curvature 
objectively. 

With fine optics... 
and mechanical refine- _ 
ments. ..the Bausch Pp 
& Lomb Refractor 
and Bausch & 

Lomb Greens’ 
Refractor 

enable you to 
experience the œ= 
ultimate in opera- 
tional ease, pre- 
scription accuracy 
and enhanced 
patient response. , 

The Bausch £ 
& Lomb Accu- " : 
Chart" Projec- 8S 
tor gives you 
remote fingertip 
control of stand- 
ard tests for visual 
acuity. 


Other Bausch & Lomb 
Ophthalmic Instruments: 
Auto-Plot™ Projection Tangent 
Screen, Vision Tester, Ortho-Rater, 
Binocular Indirect Ophthalmo- 
scope, Model 70 
Vertometer, P-D 
Gauge, Lens Heat 
Treating Unit, 
Exophthalmometer, | 
Copeland | 
Streak a ——" 
Retinoscope and É 
Welch Allyn Diagnostic 
Instruments. 


b ¢ M 


Bausch & Lomb Refractor 








Bausch & Lomb 
Keratometer 


Accu-Chart™ 
Projector 


Write or call 

today far detailed 

information on 

the Bausch & 

Lomb Ophthalmic 

Instruments that 
interest 
you. 





Nobody is exempt from red eyes. 


Rx Vasocon Regular (naphazoline HCI) 
for rapid, 
long-lasting relief. 





This tax accountant is into one of his quarterly sieges of over- 
time Though his eyes are red and irritated, he must keep going. 


Your prescription for Vasocon Regular will provide soothing 
relie: for his overtaxed eyes. Vasocon Regular gives patients the 
time-proven efficacy of naphazoline HCI 0.1% ... the most potent 
concentration of the drug you can prescribe. So, Vasocon Regular 
brings relief to red, irritated eyes in minutes...and its effect lasts 
for hours. And your patients won't be annoyed by sticky, crusty lids 
like those seen with other ocular decongestants. 


So, the next time you see a patient with overtaxed, red eyes, 
remember Vasocon Regular. On prescription only. 


u i t -- 3 » 
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(naphazoline HCl) O. 195. 


R Relief for Red eyes 


VASOCON REGULAR) AZOL vie H en CHLORIDE) SENTIS SOLUTION DESCRIPTION: A sterile ophthalmic solution having the following composition: Naphazoline Hydrochloride 0.19 
e 29. 


Phenylmercy celote (prese 02% in an isotonic. buffered, aqueous solution of sodium chloride, sodium carbonate and boric acid. ACTION: A topical ocular vasoconstricto 

Constricts the vosculor system € njune va. It is presumed thi is effect is an: to direct action of the drug upon the alpha (excitory) receptors of the vascular smooth muscle INDICATIONS. OO INF e 
For use as a top | ssoconstrcta. CONTRAINDICATIONS: Hypersensitivity to one or more of the components of this preparation. WARNING: Do not use in the presence of narrow 

angle glaucoma PRECAUTIONS: This pri eparoti on should be used only with caution in the presence of hypertension, cardiac irregularities, or hyperglycemia (di abetes) ADVERSE REACTIONS 

The followin ng adverse reactions may occur-with the use of this preparation: pupillary dilation, increase in intraocular pressure, systemic effects due to absorption (i.e., hypertension, cardiac oper Pharmaceuticals Inc. 
rregularities , | DOSA GE: Ose to three drops instilled into conjunctival sac of the eye. Effect lasts 2 to 3 hours and subsides slowly. HOW SUPPLIED: 15 ml. plastic squeeze e bottle PO Bo 

witt Bospori ip "DC 0058. 2882. 15. 424 San akak Puerto Rico 00753 USA 


* Copies of study available on request. 





In a recent double-blind clinical 
study conducted at Indiana Uni- 
versity* 93% of the bifocal wearers 


switched to a progressive power lens. 


And of those who switched, two out 
of three chose Varilux 2 lenses. 

These fully-aspheric lenses can 
provide vision benefits for your pa- 
tients that are not possible with 
bifocals. 

Varilux 2 gives clear all-around 
vision at al] distances — including 














Pi ezbyope:. witch 


f 





But don't take 


intermediate, where presbyopes 
need correction for so many vision 
tasks. 

And because Varilux 2 has no 
lines, corrections change smoothly 
and more naturally with no image 
jump or reflections. 

Varilux 2 is the only fully- 
aspheric progressive power lens. 

It is now regularly prescribed by 
more than 8,000 practitioners and 


worn by more than 10 million people. 


IRVIN M BORISH. O.D.. LL.D. 
STEVEN A. HITZEMAN, O.D 
KENNETH E BROOKMAN, O.D. 


1! Fifty-four patients. 
encompass the full range of 
noms were involved in a 

ers study of Varilux H 
(ue progressive addition 


chich neither patient mor ex 

^ anew the type of lens pre 

ita given tra Measurements 

à of near field were taken with 

^ type prior to and following 
me periods of one month each 
Svp " hed complete freedom to se 
bet or substitute a form of bifocal of 
heir oum Choire u ithout extra costs 
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A Varilux 2 fully-aspheric pro- 
gressive lens photographed in 
front of a grid. Note smooth 
progression of power in every 
direction. Lens is plano with 
a +2.00D add.) 


Double masked study of 
progressive addition lenses 


j for distant 
powered area suitable 
and near vision, the length and 


TM 
> 





Spheric progressive lens 
photographed in front of same 
grid. Note blending zones in 
lower portion of lens. 









n bifocals to Varilux2. 
yur word for it. 





: Send coupon or phone toll-free today: 


| 800-227-6779 
l (In California call 800-632-2773) Name 


















Multi-Optics Corporation, 
1153-D Triton Drive, Foster City, 
CA 94404 


Company or Practice Name 








. Address 
Please send detailed 
information about Varilux 2 
progressive lenses. City State ~~ Zip 
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Varilux 2 


Better than bifocals. 


NEURO-OPHTHALMOLOGY TAPES 
by 
J. Lawton Smith, M.D. 


Neuro-ophthalmology Tapes at a SPECIAL DISCOUNT RA TE! Tapes now available for this discount—at only 
$10 each—are: 


Vol. | #3—The “DUSN” Syndrome of Gass (with Dr. J. D. M. Gass) 

Vol. | #5—Some Pearls for the Treatin' Doctor (with Dr. E. W. D. Norton) 
Vol. | #6—The Horner’s Syndrome Workup 

Vol. | +7—Computed Tomography and the Ophthalmologist 

Vol. | #8—Two Mystery Cases (with Dr. Costin) 

Vol. | 3£9—Superior Oblique Myokymia and Tegretol Therapy 

Vol. | 10-Practical Practice Pearls (with Mrs. Halbrooks) 

Vol. | zt 11-Hypertension Today (with Dr. Materson) 

Vol. | :*12-How to Really do a Temporal Artery Biopsy (with Dr. Costin) 


Vol. I| 3*2—Radiology for the Ophthalmologist (with Dr. Costin) 

Vol. Il z*4—The Sella (with Dr. Costin) 

Vol. Il +8—Adjustable Sutures in Neuro-ophthalmology (with Dr. Flynn) 
Vol. Il #+9—The Pituitary (with Dr. R. M. Burde) 

Vol. Il 411-How Many Patients a day should | see? (with Dr. Carreno) 


Vol. Ill #1—What about Eye Movement Recordings? (with Dr. R. B. Daroff) 
Vol. Ill #4—New Pearls from ACOM 1980 (with Dr. Gass) 


Just tear this page out of your journal, check the titles you want, and send a check for $10 for each tape 
desired made out to: Neuro-ophthalmology Tapes, and mail to: Neuro-ophthalmology Tapes, 9820 SW 62 
Court, Miami, Florida 33156, USA. If you order all 16 of the above, the price will be $150 (must be prepaid in 
U.S. funds). These prices are for USA and Canada only. Other nations, please write for a uote on postage and 
handling. Doctor—try a few of these—we believe you'll then want to subscribe to Neuro-ophthalmology 
Tapes! 


THANK YOU! 


Cooper Medical Devices Gorporation 
Areyou limited in your choice of approaches Cie cA 


and techniques in Anterior/Posterior Segment 600 McCormick Street, San Leandro, CA J.S.A 94577 
Surgery? In California call: 415-568-6800 


A T er á Continental U.S. 800-227-0521 (toll free) 
With the VISC-X there are no limitations in | Telex (910) 366-7341 


surgical procedures. 

The VISC-X system offers you more options 
than anysimilar insterument. Approaches and 
techniques with multifunctional or single function 
probes may be employed. 

YOUR CHOICE OF TIP SIZES 

I mm (Micro) 1.65(Mini) 

2.3 mm (Lentectomy) 

Laser welded, X-ray inspected, self-sharpening, 

—double lip cutters with superior cutting ability in 
continucus, oscillating or alternating modes. 


AUTOMATIC SUCTION 
Footswitch operated. 


AUTOCLAVABLE 
Flash autoclavaoility renders the instrument ready 
for emergencies and use several times a day. 


UNIQUE MODULARE BUILDING BLOCK CONCEPT 
Standard components allow exchangeability of 
parts, eliminating dcwn time and keeping repair to a 
minimum. You may edd components at any time to suit 
changes in your surgical techniques. 
Phone collect of write for information fora nocost, 
no obligation demonstration. 


What are your approaches to 
Anterior/Posterior Segment Surgery? 


The Machemer-Parel 
VISC-X System 





New DYNAVAC. .. Makes 
Screening with 
Ophthalmodynamometry 
Practical 





The new DYNAVAC Suction Ophthalmo- 
dynamometer allows you to screen your elderly 
patients for potential stroke candidates. 


These DYNAVAC features make Suction Ophthalmo- 
dynamometry the logical screening instrument for occlusive 
disease of the internal Carotid Artery System: 


e Accurate Measurements 
Suction is utilized rather than the old Compression Method. 
e Ease of Operation 
Physician easily observes the Optic Vessel and operates 
instrument without an assistant. 
e Results Displayed Electronically 
Diastolic and Systolic pressure of each eye is displayed 
simultaneously on digital readouts. 
e Portable 
Lightweight; can easily be transferred to hospital or nursing 
home for patient screening. 


LIE 182) 








COBURN Optical Industries, Inc., Professional Products Division 
1375 South Fort Harrison, Clearwater, Florida 33516 

(800) 237-5906 In FL. call collect (B13) 443-2606 

Telex: 80-3860 


[ ] Please send me additional information on Name 
the New Coburn DYNAVAC Address 
C | would like to arrange a demonstration of City 


the New Coburn DYNAVAC State: star a 





VITRECTOMY 
LENS 








Haag-Streit Service 


... YOU owe it to your instruments. - 





Original Slit Lamp 900 


If you own an original Haag-Streit pro- 
duct, you are assured that the highest 
quality is built into it. The same is true 
for the service we provide. 











Which Haag-Streit 
j instruments would 1 
you like to have 


Comments as to functioning of instruments: 
Slit Lamp Goldmann No. .... O No. 900.............0 i 


Haag-Streit Service, Inc. was establi- 
shed in the United States in 1962 with a 
primary mission... provide preventive 
maintenance and repair services for all 
our products at a level that matches the 
care and skill with which they were 
built. 


Our U.S. facility is stocked with a quar- 
ter of a million dollar inventory of spare 
parts and precision tools. It is staffed by 
experts. Our field service organization 
is composed exclusively of engineers. 
Each has undergone apprenticeship 
and training in our Swiss factory for at 
least 6 years, plus field work in Europe, 
before qualifying for service in the U.S. 


From June through August 1981 we will be 
making service calls in Northern Califor- 
nia. If you would like a service call please 
reply by June 10, 1981. 


If you own a Haag-Streit Slit Lamp, 
Goldmann Perimeter,  Applanation 
Tonometer, Ophthalmometer, Adapto- 
meter or any other instrument fine 
enough to bear the Haag-Streit label, 
the precision, preventive maintenance 
and repair capabilities of Haag Streit 
Service are available to you. 


Simply fill in the coupon and send it in, 
or give us a phone call and have your 
serial numbers handy. 


(If you don't own Haag-Streit instru- 
ments, isn't it time you did?) 










i serviced? 


3 Javal Ophthalmometer . No..................... a 





4 Goldmann Perimeter NO Ens u L] 


2 Applanation Tonometer No.870............. _| No. 900 





HAAG SAEI S IC: 








i Other Haag-Streit Instruments 


i NAME D a 
i STREET CITY 
ZIP 








Indicate best time for servicing; in so far as possible, we will comply: MOTU WETH FR SAT j 
Crier I3 o£): eG) 


k ea 






6, Industrial Park 
Waldwick, N.J. 07463 U.S.A. 
(201) 445-1110 
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. guesswork. You d» the same when you prescribe 








Prescribe Vasocidin" 
the solution with the dependable 
concentration. 


Moun:ain climber He limits his risk by not relying on 


Vasocidin. There's no guessing about its steroid concen- 
tratior. With dependable Vasocidin Ophthalmic Solution, 
you know your pa ients will be receiving the maximum 
concentration in every clear drop. ..every time. 


This is hardly the ease with the ocular steroid suspen- 
sions. With suspeasions you must rely on guesswork. 
This was documeated in a published study! of ocular 
steroid suspensions. Apt and his associates concluded 
that whether or nct these suspensions are shaken ''. .it 
is likely that manypatients would still not receive the 
maximum concerzration of the drug:’ So, why take the 
suspension gambe? 

Guesswork stops with Vasocidin. With clear Vasocidin 
soluticn, you can treat nonpurulent bacterial conjuncti- 
vitis and blepharits* and be confident your patients will 
be recsiving the dosage you prescribed. Every drop 
contains the precise concentration of anti-infective, 
anti-in'lammatory and decongestant. Vasocidin clears 
redness fast, and t doesn't cause a gummy, sticky 
residue on patient’ lids as the ‘‘suspension product ' 
often coes. 


So, don't risk guessing what patients are getting. 
Prescribe Vasocid n with the dependable concentration. 
And for nighttime ase, prescribe Vasocidin Ointment 
(predn:solone ace ate 0.596, sulfacetamide sodium 
10.0%. phenylephrine hydrochloride 0.125%). 


Vasocidin" 


(predrisolone sodium phosphate 0.25%, sulfacetamide sodium 10%, phenylephrine HCI 0.125%) 


The clear sulfa/steroid solution with the 
dependable concentration. 


f 
‘Apt L, et al-Patient compliancewith use of topical ophthalmic corticosteroid suspensions. AJO 87: 210-214, 1979. 


` been known tæaccur with the use af tæical steroids. Acute purulent untreated infection of the eye may be masked or activity enhanced by presence of steroid medication. Topical steroids are not effective in mustard gas keratitis and Sjogren's 


kerato-conjuncevitis. Safety in intensivesw protracted use of topical steroids during pregnancy has not been substantiated. If irritation persists or develops, patient should be advised to discontinue use & 
and consult physician. PREWAUTIONS develop coincidentally with long-term local steroid applications, fungus invasion must be 
suspected in ay persistent corneal ulcszation where a steroid has been used or is in use. Intraocular pressure should be checked frequently. Solutions containing phenylephrine hydrochloride may O erVisio 
darken on prolanged standing and exposure to heat and/or light. The darkened s omen tut We: treet keen IA AM ee ea eae ae 


- visual acuity amd field defects, postenor bcapsular secondary ocular infections from pathogens liberated from ocular tissues, perforation of the globe. PO Box 367 
© CooperVision Pharmaceuticals 1980 30-5-0477 San German. Puerto Rico 00753 USA 
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Accurate : 
measurement 


in halfa second. : 


Nikon’s Auto Refractometer NR-1000 reduces training time to 
half an hour and measurement time to half a second. 








Nikon's Auto Refractometer operations are easily performed digital display. The microprocessor 
NR-1000 makes accurate refrac- via the joystick. The operator memory automatically stores up dee? 
tions faster and more convenient simply aligns the instrument, to 20 measurements 

for both patient and practitioner. presses the joystick trigger and 

Unmatched Nikon optics and measurements appear almost 

sophisticated microprocessor con- instantly. 

trol are combined in one, easy to Unmistakable digital 

operate instrument that achieves display and printout. | TIO 

accurate measurements of spher- Sphere, cvlinder, and axis meas- and it produces d permanent printout 

ical power, cylindrical power, and urements appear on a bright record at the touch of a button. 


axis within half a second. 

By making refraction more 
comfortable for the patient, the 
NR-1000 drastically reduces 
examination time. And with its 
simple operation—user training 
usually takes lessthan a half-hour 4 
—the practitioner can save time 
by delegating routine patient 


electronic 














The practical instrument 
for your practice. 

The Nikon Auto Refracto- 

meter NR-1000 can bring 





screening. speed, accuracy, and ease of 
Simple joystick operation to your practice. 
operation. For more information and a 
Once it's demonstration of this remarkable 


positioned at 
patient eye 
level, all 
instrument 


instrument's capability, call or write: 
Nikon Inc., Instrument Division, 

623 Stewart Avenue, Garden 

City, NY 11530 (516) 222-0200. 


Extending Man's Vision 
:| 


^ - | 


"here's only one word 
“or the most advanced, 
somplete, efficient 
phthalmic examining syster 
1 the world: 


Auto5ystem. 


rA; 


V. no RR e EA VESTE 


*r examination system gives you all the advan- 

AutoSystem - the examining center that auto- 
"y adjusts room lighting, fixation lighting and 
ent power. The AutoSystem is ergonomically 
di to help you work with greater ease and effi- 
^an ever before possible. 


à B4 
' America’s leading teaching institutions, hospi- a -c E - 
Amaia leading teaching institutions wr. — "lieu -diversatron 


to find out why. 456 Parkway, Broomall, PA 19008, (215) 
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St. Mary's Hospital 
Richmond, Virginia 


RADIAL KERATOTOMY 
SYMPOSIUM 


Saturday, June: 13, 1981 


Hyatt Richmond * Richmond, Virginia 


Leo Bores, M.D. 

Santa Fe, New Mexico 
William Myers, M.D. 
Detroit, Michigan 
Ronald A. Schachar, M.D. 
Ph.D., F.A.C.S. 

Denison, Texas 


Robert H. Marmer, M.D. 
Atlanta, Georgia 
Robert Meals, LLB 
Atlanta, Georgia 

Leeds E. Katzen, M.D. 
RECS 

Daltimore, Maryland 


Subject: Dackground, Research, Indications, 
Complications, and Controversies of Radial 
Keratotomy in the Treatment of Myopia 


For information contact: 
Marian Lloyd, Registrar 
Suite 508, 5855 Bremo Road 
Richmond, Virginia 23226 
(804) 288-1654 


Course Directors 

A.D. Sakowski, Jr., M.D. 
Walter E. Bundy, Ill, M.D. 
Registration Fee: $200.00 
AMA Category 1 









Glaucoma 
Fellowship 
Flexible 1-2 year pro- 


gram clinical patient 
care, clinical and basic 


research, teaching. Sti- 
pend available. 


Contact: 
Paul L. Kaufman, M.D. 











DIRECTOR 
OPHTHALMOLOGICAL RESEARCH 
Responsibilities include establishment of a research labo- 
ratory in the Department of Ophthalmology at the Univer- 
sity of Cincinnati; development of a research training 
program for both M.D.'s and Ph.D.'s; recruitment of 
additional basic scientists as space and funds become 
available and the research program develops; cooperat on 
in clinical research; teaching appropriate basic sciences to 

ophthalmologists in training. 

Qualifications include the Ph.D. degree; an established 
record of scientific productivity; peer acceptance as 
demonstrated by previously and currently held grants and 
by publications in referred journals; an interest in teaching 
and collaboration with clinicians; and credentials which 
would permit appointment as Associate Professor. The 
applicant should have an interest in either vitreo-retinal 
physiology, neuro-physiology of the visual system, or some 
aspect of the cornea. 

Substantial start-up funds are available. 

Interested applicants should submit their curriculum vitae, 
bibliography, and three supporting letters to: Joel G. Sacks, 
M.D., Professor and Director, Department of Ophthalmo:o- 
gy, University of Cincinnati Medical Center, 231 Bethesda 
Avenue, Room 6004, Cincinnati, Ohio 45267. 

The University of Cincinnati is an Equal Opportunity/Affirmat ve 
Action employer. 

M/F/H 





How a sneeze on the 


other side of the world can 
affect your work force. 





Dept. of Opthalmology 


UNIVERSITY OF 
WISCONSIN 
600 Highland Ave. 
Madison, WI 53792 


Equal Opportunity Affirmative 
Action Employer 





Flu is serious business. It 
spreads like wildfire. And has been 
known to cripple a nation’s 

work force. 

The UN's World Health 
Organization keeps track of flu and 
identifies viruses so that people 
can be inoculated in time. 

The UN also has just about 
wiped out smallpox all over the 


world. It keeps check on cholera, 
yellow fever, polio, and malaria. 
By helping people everywhere, 
the UN is helping people right aere. 
And that's nothing to sneeze at. 


The UN means business. 
American business should know. 


Get the whole story. Send for a free 
booklet,“The Youinthe UN? Write to Ad 
UN Assoc., 345 E. 46th St., N.Y. 10017. 

A Public Service of This Magazine & The Advertising Council 
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USDAN FRAME POSITIONING DEVICE 


Allows patients convalescing from reconstructive 
nasal or ophthalmic surgery to wear frames 

without retarding the healing process. Pads rest 
comfortably on cheekbone without irritation, entirely 
removing pressure from patient's bridge. Easily 
adapts to patient's frame leaving no marks or holes 
in frame when removed. 

$6.00 per pair; 4 pairs per card 

Mir: mum order one card ($24.00) 


POST 
MYDRIATIC 
SPECTACLES 


Minimum order: 500 
500 @ 22€ = $110.00 





Ideal for aphakic 
patients. Slips in back 
of frames. Adjustable 
wrap-around totally 
occludes side glare. 
REG.—$7.95/doz. 
(grey, green, amber) 
LARGE—$10.95/doz. 


(grey) 
POLARIZED 

— $27 .00/doz. 
Min. order: 4 doz. 


ADJUSTABLE 
PROFESSIONAL 

STOOL #23382 

Washable vinyl in 

choice of 14 decorator colors. 
Square style welded steel foot 
ring. Chrome finish. Adjusts 
19"-25". Carpet casters 

available at additional cost. $92.35 


INSTANT SUNGLASSES 








P n 


"3 
<7 


Prices -hown are subject to change without prior notice. 


PROJECTOR LAMPS 
CAX 130V-50W 


Fits all A.O.-type projector charts. 
Save 35-60% on competitive 
prices anywhere when you 
purchase lamps by the case. 
$5.95 each lamp for 6-lamp case 
$4.95 each lamp for 24-lamp case 
Minimum order 6 lamps 


Lowest price anywhere. 


1,000 @ 20€ = $200.00 


— 
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TESTS 
COLOUR e 
“*BLINDNE Sc 
By NESS 


ISHIHARA COLOR-BLINDNESS TESTS 


Accepted by leading authorities as a simple and accurate method 
for discovering congenital color blindness of 2 types; total color 
blindness and red-green blindness, each of 2 forms, complete and 
incomplete. These books should be replaced every 3 years. Fading 
affects accuracy. 38 plates. $69.50 





UNIVERSAL TRIAL FRAME III 


Lightweight sturdy construction ¢ The single stationary cell and 
for patient comfort triple rotating front cells allow 
e Temple, nosepiece, and frame the frame to accommodate 
movement provide smooth a total of four 38mm (1'2") 
accurate adjustments and fine test lenses 
fitting e Precisely engraved scales 
e Variable horizontal and vertical provide maximum legibility 
bridge movements; comfortable ¢ P.D. 48mm to 80mm 
nose fit e Net weight 82 grams $129.50 


guum ——— sake a re os 


1O ialti 


t 604 Mission St., San Francisco, CA. 94105 







(415) 982-7966 
OUT OF STATE CALL TOLL FREE: (800) 227-4514 
f Gentlemen: Please ship the following: 
— ISHIHARA COLOR-BLINDNESS TESTS 
i —— Usdan Frame Positioning Device(s) 
EH —— Universal Trial Frame III 
—— Stool(s) 423382. Color(s) 


. .. Post Mydriatic Spec. 
—— Instant Sunglasses 
is TOG: 1.19.90: 
— — Projector Lamps 









(Please Print) 
[1 Address 
i City State Zip 
O UPS F.O.B. our address (postage and handling extra) 
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When you're ready for the finest. 


K ^ Built for 


Performance. 


Move up to RELIANCE®, the finest obtainable 
in professional optical equipment. Start with 
the designer conceived 980 fully-powered 
chair/table with outstanding contemporary 
styling and effortless power-positioning. Ease 
into a “5480” Five Legged Pneumatic Stool 
with unique SENSA*-FOAM to feel relaxed 
and refreshed after a long day. Complete the 
trio with time-tested 7780 Instrument Stand 
and 1280 Instrument Table to put everything 
at your fingertips— again effortlessly. Call 
your dealer, or write: F. & F. Koenigkramer, 
96 Caldwell Drive, Cincinnati, Ohio 45216, 
(513) 761-7444. Dept. ARO-5 


Priced for Value. REKANCGE. 


EV C TIS 
Manufactured in Cincinnati, tim e o o 1898. 


© 1981 F & F Koeniakramer. All riahts resewed 
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CORTISPORIN 


Ophthalmic Suspension Sterile 


(polymyxin B-neomycin- 
hydrocortisone) 








CORTISPORIN 


Ophthalmic Ointment Sterile 
(polymyxin B-bacitracin-neomycin- 
hydrocortisone) 


3L The choice ophthalmic 
preparation, Cortisporin® 
Ophthalmic Suspension 
(Sterile) and Cortisporin® 
Ophthalmic Ointment 
(Sterile) are promoted to 
ophthalmologists only. 


The broad therapeutic 
spectrum of Cortisporin 
ophthalmic products is 
achieved through com- 
patible antibacterials which 
act against susceptible 
bacterial pathogens 
commonly involved in the 
ophthalmic infections 
accessible to topical 
therapy.” Hydrocortisone 
in these two ophthalmic 
products works gently and 
quickly to relieve signs and 
symptoms of inflammation, 
and inhibits corneal 
neovascularization. 


Patients also find relief 
from high cost. The two 
sterile forms provide con- 
venient day and night 
coverage at lower cost than 
most other brands of 
similar activity. 


CORTISPORIN- Ophthalmic Suspension Sterile 
(Polymyxin B—Neomycin—Hydrocortiscne) 


Each cc. contams: Aerosporin® (Polymyxin B Sulfate), 10,000 units, neomycin sulfate 
(equivalent to 2.5 mg. neomycin base), 5 mg., hydrocortisone, 10 mg. (196), thimerosal 


(preservative), 0.001%. 


The vehicle contains the inactive ingredients cetyl alcohol, glyceryl monostearate, 
liquid petrolatum. polyoxyl 40 stearate, propylene glycol and purified water. 


HOW SUPPLIED: Bottle of 5 cc with Sterile Dropper 


CORTISPORIN® Ophthalmic Ointment Sterile 
(Polymyxin B—Zacitracin—Neomycin—Hydrocortisone) 


Each gram contains: Aerosporin® (Polymyxin B Sulfate), 5,000 units, bacitracin zinc 
400 units, neomycin sulfate 5 mg (equivalent to 3.5 mg neomycin base), hydrocortisone 
10 mg (1%), special white petrolatum qs. 


HOW SUPPLIED: Tube of % oz with ophthalmic tip. 
‘INDICATIONS: Based on a review of these drugs by the National Academy of 


Sciences—Nattonal Research Council and/or other information, FDA has classi- 
fied the indications as follows: 
"Possibly" effective: For the treatment of nonpurulent bacterial infections ofthe 


eye due to organisms sensitive to the antibiotic ingredients of the drugs and when 


~1 the anti-inflammatory action of the hydrocortisone is indicated as in nonpurulent 


bacterial, allergic, vernal and phiyctenular conjunctivitis; nonpurulent blepharitis; 
interstitial, sclerosing, postoperative or acne rosacea keratitis; superficial 
chemical anc thermal burns of the cornea. 

Final classification of the less-than-effective indications requires further 
investigation 





CONTRAINDICATIONS: These products are contraindicated in acute purulent con- 
junctivitis and blepharitis; tuberculous, fungal or viral lesions of the skin or eye, 
including herpes simplex, dendritic keratitis, vaccinia or varicella; and conditions in- 
volving the posterior segment of the eye. They are also contraindicated in those indi- 
viduals who have shown hypersensitivity to any of their components. 


PRECAUTIONS: Extended ophthalmic use of topical steroid therapy may result in 
glaucoma with possible damage of the optic nerves, posterior subcapsular cataract 
formation, or may aid in the establishment of secondary ocular infections from 
fungi or viruses liberated from ocular tissues. It is advisable that intraocular pres- 
sure be checked frequently. In those diseases causing thinning of the cornea. perfo- 
ration has been known to occur with the use of topical steroids. As with any 
antibiotic preparation, prolonged use may result in the overgrowth of nonsusceptible 
organisms, including fungi. Appropriate measures should be taken if this occurs. 
ADVERSE REACTIONS: Articles in the current medical literature indicate an increase 
in the prevalence of persons allergic to neomycin. The possibility of such a reaction 
should be borne in mind. 


Complete literature available on request from Professional Services Dept. PML. 


Burroughs Wellcome Co. 
Research Triangle Park 


Wellcome North Carolina 27709 
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Rodenstock Dual Instrument 
“Your’...Contact Lens Lane 


e Combines the C-BES halogen light source for brighter, — 
Ophthalmometer with the crisper light. 
HSE/20 Slit lamps on one base. e» Three instruments in one: 

« K readings in both millimeters ophthalmometer, slit lamp and 
and diopters, read internally. radius gauge. Two simple 

e No user correction necessary attachments enable measure- 
for eyepiece at the C-BES. ments of the radii of soft and 

« HSE/20 comes standard with a hard contact lenses. 


CL-Dual Instrument 


unconditional 
2-year Warranty 
includes all parts and labor 
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COBURN Optical Industries, Inc., Professional Products Division 
1375 South Fort Harrison, Clearwater, Florida 33516 
(800) 237-5906 In FL. call collect (813) 443-2606 Telex: 80-3860 


Name 


[ ] Please send me additional information on a 
the CL-Dual daress 


[ ] | would like to arrange a demonstration of City 
the CL-Dual 
State 





The 
Department 
of Ophthalmology 


Emory University 
School of Medicine 
Atlanta, Georgia 
Presents 
A Post-Graduate Seminar 


SOFT CONTACT LENSES: 
EXTENDED WEAR AND DAILY 
WEAR 


Emphasis on Cosmetic 
Extended Wear 


Concepts and 
Office Fitting Procedures 


June 5 and 6, 1981 


Course Director: 
Louis A. Wilson, M.D. 
Atlanta, Georgia 


Course Faculty: 

Terry Blanchard, F.C.L.A. 
Atlanta, Georgia 

Bruce |. Bodner, M.D. 
Norfolk, Virginia 

Jack Hartstein, M.D. 
St. Louis, Missouri 

H. Jonathan Kersley, F.R.C.S. 
London, England 

Dr. Donald R. Korb 
Boston, Massachusetts 

Richard G. Lembach, M.D. 
Columbus, Ohio 

David S. Levenson, M.D. 
Atlanta, Georgia 

P. Thomas Manchester, M.D. 
Atlanta, Georgia 

Bernard E. McCarey, Ph.D. 
Atlanta, Georgia 

Harold A. Stein, M.D. 
Toronto, Canada 

George O. Waring, M.D. 
Atlanta, Georgia 

Louis A. Wilson, M.D. 
Atlanta, Georgia 


Course Fee: $325.00. Limited Enroll- 
ment. 


Approved for 12 hours credit in Cate- 
gory | of the Physician's Recognition 
Award of the AMA. 


For information and registration, please 
write ro: Course Coordinator, Depart- 
ment of Ophthalmology, 1339 Clifton 
Road, N.E., Atlanta, Georgia 30322. 
(404) 327-4271. 


TWELFTH CORNEAL 
RESEARCH CONFERENCE 
BOSTON 
MASSACHUSETTS 


SEPTEMBER 18-19, 1981 


SPONSORED BY THE EYE RESEARCH INSTITUTE OF 
RETINA FOUNDATION AND THE MASSACHUSETTS 
EYE AND EAR INFIRMARY 


| Registration and payment of the $50.00 registration 


fee in advance is necessary for each participant. 
Please make checks payable to the Cornea Conference 
and remit by August 1. Those wishing to present 
papers should submit an 150-word abstract by June 1 
to: 


Richard A. Thoft, M.D. 
Retina Foundation 

20 Staniford Street 
Boston, Mass. 02114 


PERMA TWEEZ* ELECTROLYSIS INSTRUMENT 


This permanent hair remover features the original pat- 
ented self-correcting needle. Battery operated instrument 
sterilizes itself when current flows. No-puncture safety 
feature also helps prevent infection. Simple enough to 
be used by laymen (for cosmetic purposes only). 


Thousands of units sold for such varied professional 
application as removal of inverted eyelashes to cos- 
metic use. 


Clinically tested (copy on request). 
PERMA TWEEZ & ATTACHMENT $22.95 


O Invoice after 30 days 
O Check enclosed 
30 DAY UNCONDITIONAL MONEY BACK GUARANTEE 


GENERAL MEDICAL CO., DEPT AO-133 
1935 ARMACOST AVE., WEST LOS ANGELES, CA 90025 


DR. 
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THE CHICAGO OPHTHALMOLOGICAL SOCIETY 


PRESENTS 


THE THIRTY-THIRD 
ANNUAL CLINICAL CONFERENCE 


MAY 22 & 23, 1981 
THE DRAKE HOTEL, CHICAGO, ILLINOIS 


PRELIMINARY SPEAKER PROGRAM 


THOMAS M. AABERG M.D. 
Milwaukee, Wisconsin 


JOEL S. GLASER, M.D. 
Miami, Florida 


JOHN HETHERINGTON, JR., M.D. 
San Francisco, California 


CHARLES E. ILIFF, M.D. 
Baltimore, Maryland 


ARTHUR J. JAMPOLSKY, M.D. 
San Francisco, California 


HERBERT E. KAUFMAN, M.D. 
. New Orleans, Louisiana 


STEPHEN J. RYAN, M.D. 
Los Angeles, California 


ALSO PRESENTING 


.. THE THIRTY-SEVENTH 
ANNUAL GIFFORD MEMORIAL LECTURE 


ARNALL PATZ, M.D. E 
Baltimore, Maryland 
“Approved for CME-Category 1 Credit 


PROGRAM CHAIRMAN 
DAVID H. ORTH, M.D. | 
Chicago, Illinois 


REGISTRATION FEE: $175.00 "Registration After April 15th 
Conference Cost $200.00 


Includes dinner dance, two luncheons, 
coffee breaks 


INFORMATION & REGISTRATION 


Jerry Glotzer, Field Representative 
CHICAGO OPHTHALMOLOGICAL SOCIETY 
515 N. Dearborn Street 

Chicago, IL 60610 

Phone: (312) 670-2583 
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When its fungal... V 


S 
When it’s an S 
emergency 
> 817-293-0450 
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For primary signs of mycotic infection prescribe Natacyn. 
Natacyn is indicated for treatment of fungal blepharitis, conjunctivitis 


and keratitis caused by susceptible organisms. 

Natacyn is a topical ophthalmic suspension that 

is broad spectrum, fungicidal, well tolerated 

and non-irritating. 

If you diagnose a fungal infection of the eye 

CALL (817) 293-0450 — 24 hours a day — 7 days a week. 


We will do our best to have your emergency shipment of 
Natacyn to you within 24 hours. 


as 


Natacyn (natamycin 5%) Ophthalmic Suspension is contraindicated where hypersensitivity to any of its components 
exist. Continued therapy for keratitis should be based on re-evaluation and additional laboratory studies if there is no 
improvement following 7-10 days of administration. 


One case of conjunctival chemosis and hyperemia has been reported. 


Adherence of the suspension in the fornices occurs regularly. Monitor patients on this drug at least twice weekly and 
discontinue drug if suspicion of toxicity occurs. Administer with caution in pregnancy. 


Usual dosage is two drops in the conjunctival sac up to 4 to 5 times a day. 





illustration; Lewis E. Calver 1981 © Alcon 





ALCON LABORATORIES, INC. 
Fort Worth, Texas 76101 


Mfd. under license from Gist-Brocades, N.V.. Delft, Holland. 
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TEARS PLUS 


THE COMFORTABLE ARTIFICIAL TEAR. Ss. 


In a clinical study conducted by a private practitioner 
on 93 patients, more than 4 out of 5 felt Tears Plus was 













TE l T Sr TEARS — ARTIFICIAL TEARS comfortable in the eye! 
E "a in |. Nis fortabl | ao 
LT" Bete COMFORTSBULTINTO THENEW — 6 


| Weegee TEARS PLUS FORMULATION. , >a -— 


Burning, scratchy, gritty, dry eyes are soothed by the 
polyvinyl alcohol. Povidone increases the polymer 
protection concentration to provide enhanced lubrication - 
— without increased viscosity. Combine these in a 
nonbuffered, isotonic solution that adjusts to the 

pH of the eye quickly and avoids stinging and you've 

got the comfort your patients want. And deserve. 
RECOMMEND TEARS PLUS: IT'S'THE 

TEAR WITH COMFORT BUILT IN. a 
AND REMEMBER LIQUIFILM® TEARS ^. — 
FOR YOUR PATIENTS WHO WANT-. ^" - 
AN ALTERNATIVE COMFORTABLE, . 
ECONOMICAL ARTIFICIAL TEAR. 


Reference: 1. Allergan Report Series No. 162, 1979. 
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AJIERGAN Pharmaceuticals, Inc. 
Irvine, CA 92713 
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Radial Keratotomy in the United States P. S. Binder 
‘No Statistically Significant Difference’ W. M. Bourne 


Factors Affecting Outcome and Predictability of Radial Keratotomy in the PERK Study 
M. J. Lynn, G. O. Waring Ill, R. D. Sperduto, and the PERK Study Group 


Complications of Semiflexible, Closed-Loop Anterior Chamber Intraocular Lenses 
P. W. Smith, S. K. Wong, W. J. Stark, J. D. Gottsch, A. C. Terry, R. D. Bonham 


Penetrating Keratoplasty for Pseudophakic Corneal Edema With Exchange of 








Intraocular Lenses G. O. Waring III, R. D. Stulting, D. Street 
Why Do Some Epikergiiiblasties Fail? P. S. Binder, E. Y. Zavala 
Cystoid Macular Edema Following Corneal-Relaxing Incisions J. Carter, B. A. Barron, 
M. B. McDonald 

Optimal Rates of Movement for Kinetic Perimetry | C. A. Johnson, J. L. Keltner 
Visual, Refractive, and Keratometric Results of Radial Keratotomy P. N. Arrowsmith, 
R. G. Marks 

J Three-Year Results of Radial Keratotomy H. Sawelson, R. G. Marks 
Relationship Between Refractive Error and Visual Acuity in the Prospective Evaluation 
of Radial Keratotomy (PERK) Study V. R. Santos, G. O. Waring lll, 


M. J. Lynn, J. T. Holladay, R. D. Sperduto, and the PERK Study Group 
Calcification of Bruch’s Membrane in Angioid Streaks With Homozygous Sickle Cell 


Disease L. M. Jampol, R. Acheson, R. C. Eagle, Jr, G. Serjeant, R. O'Grady 
Corneal Immunoglobulin Deposition in the Posterior Stroma N. H. Yassa, R. L. Font, 
B. S. Fine, B. H. Koffler 

Pseudomonas Attachment to New Hydrogel Contact Lenses J. A. Duran, M. F. Refojo, 
j l|. K. Gipson, K. R. Kenyon 
Extended-Wear Lenses, Biofilm, and Bacterial Adhesion M. M. Slusher, Q. N. Myrvik, 
J. C. Lewis, A. G. Gristina 

Complications of Hydrogel Intracorneal Lenses in Monkeys W. H. Beekhuis, 


B. E. McCarey, G. van Rij, G. O. Waring lll 


Refractive Keratoplasty in Monkeys Using Intracorneal Lenses of Various Refractive 
Indexes B. E. McCarey, G. O. Waring Ill, D. A. Street 


Branch Retinal Artery Occlusion Associated With Recurrent Toxoplasmic 
Retinochoroiditis C. M. Morgan, E. S. Gragoudas 


Argon Endophotocoagulation With Indirect Ophthalmoscopy G. R. Hampton 


Internal Sclerectomy for Glaucoma Filtering Surgery With an Automated Trephine 
R. H. Brown, D. B. Denham, W. E. Bruner, M. G. Lynch, H. A. Quigley, J.-M. Parel 





Complete Contents, p 5 


A new point of view 
for the typical 
glaucoma patient. 





mana 
with 











gement 





4 


e PS - 


t 


ees y 
" 
T) 


Alcon 
Alcon Laboratories, Inc. 
Fort Worth, Texas 76134 


Unsurpassed long-term efficacy and 
virtually no interference with 


LI 3 949 
daily activities. Betoptic Long-term Evaluation 








m Clinically proven in four-year Ser nr) 
multicenter trials (Figure 1).' 
m Unlike timolol and levobunolol, — 24 
Betoptic has virtually no 
systemic effects." — 22 
= B.I.D. dosage provides ene 
predictable, 24-hour 
control of IOP. — 18 
2 3 
YEARS 


Ideal for the typical glaucoma patient 
because it's oculospecific.' 






m Seven of 10 patients with glaucoma have Glaucoma Patients with 
concomitant disease conditions; they may be Concomitant Diseases 
placed on oral medications by other Total Patients with 
physicians and fail to inform you (Figure 2).' Glaucoma 1.563 

= Timolol and levobunolol have significant % with concomitant 
systemic effects and may interact with oral diseases 
therapy. Angina 6.1 

= Oculospecific Betoptic has virtually no Arrhythmia 1.7 
systemic effects. Asthma k 3.3 

= With Betoptic, significant interaction with oral Chronic Bronchitis 4.2 
medications is unlikely." Selin 3.3 

iabetes tei 


Emphysema 1.9 


Start all your newly Mam S0 


Previous Myocardial 


diagnosed patients on Infarction 42 


Y Y >: A 
betaxolol HCI Gone 
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sterile ophthalmic solution 0.5% 


“Patients receiving an oral beta blocker and BETOPTIC should be observed for potential additive effect on 
known systemic effects of beta blockade. Caution should be exercised in patients receiving catecholamine- 
depleting drugs. Although BETOPTIC has produced only minimal effects in patients with reactive airway dis- 
ease. caution should be exercised in the treating of patients with excessive restriction of pulmonary function. JE Du. 

+Oculospeeific denotes that at ophthalmic dosage, the pharmacologically effective level is restricted "t M a 
primarily to the eye. DUE V 


See adjacent page for brief summary of prescribing information. | i 
1. Data on file, Alcon Laboratories, Inc. © 1986 Alcon Laboratories, Inc. z baas ! i 


BETOPTIC® Ophthalmic Solution 
(betaxolol hydrochloride) 0.5% as base 


CONTRAINDICATIONS: BETOPTIC Ophthalmic 
Solution is contraindicated in patients with sinus 
bradycardia, greater than a first degree 
atrioventricular block, cardiogenic shock, in 
patients with overt cardiac failure, and in those 
patients with hypersensitivity to any component of 
this product. 


WARNING: Although BETOPTIC Ophthalmic 
Solution has had little or no effect on heart rate or 
blood pressure in clinical studies, caution should 
be observed in treating patients with a history of 
cardiac failure. Treatment with BETOPTIC 
Ophthalmic Solution should be discontinued at 
the first signs of cardiac failure. 


PRECAUTIONS: Patients who are receiving a 
beta-adrenergic blocking agent orally and 
BETOPTIC Ophthalmic Solution should be 
Observed for a potential additive effect either on 
the intraocular pressure or on the known systemic 
effects of beta blockade. 

While BETOPTIC Ophthalmic Solution has 
demonstrated a low potential for systemic effect, 
it should be used with caution in patients with 
diabetes (especially labile diabetes) because of 
possible masking of signs and symptoms of acute 
hypoglycemia. Beta-adrenergic blocking agents 
may mask certain signs and symptoms of 
hyperthyroidism and their abrupt withdrawal 
TQ precipitate a thyroid storm. 

onsideration should be given to the gradual 
withdrawal of beta-adrenergic blocking agents 
prior to general anesthesia because of the 
reduced ability of the heart to respond to 
beta-adrenergically mediated sympathetic reflex 
stimuli. 


Pulmonary: BETOPTIC Ophthalmic Solution, a 
cardioselective beta-blocker, has produced only 
minimal effects in patients with reactive airway 
disease; however, caution should be exercised in 
the treatment of patients with excessive restriction 
of pulmonary function. 


Drug Interactions: Although BETOPTIC 
Ophthalmic Solution used alone has little or no 
effect on pupil size, mydriasis resulting from 
concomitant therapy with BETOPTIC Ophthalmic 
Solution and epinephrine has been reported 
occasionally. 

Close observation of the patient is 
recommended when a beta-blocker is 
administered to patients receiving 
catecholamine-depleting drugs such as 
reserpine, because of possible additive effects 
and the production of hypotension and/or 
bradycardia. Caution should be exercised in 
patients using concomitant adrenergic 
psychotropic drugs. 

Ocular: In patients with angle-closure glaucoma, 
the immediate treatment objective is to re-open 
the angle by constriction of the pupil with a miotic 
agent. Betaxolol has no effect on the pupil; 
therefore, BETOPTIC Ophthalmic Solution should 
be used with a miotic to reduce elevated 
intraocular pressure in angle-closure glaucoma. 

As with the use of other antiglaucoma drugs, 
diminished responsiveness to BETOPTIC 
Ophthalmic Solution after prolonged therapy has 
been reported in some patients. However in one 
long-term study in which 250 patients have been 
followed for a mean period of two years, no 
significant difference in mean intraocular pressure 
has been observed after initial stabilization. 


Engnenoy and Nursing: As with any drug, 
BETOPTIC Ophthalmic Solution should be used in 
pregnant or nursing women only when the 
anticipated benefits outweigh the risks. 


Usage in Children: Clinical studies to establish 
the safety and efficacy in children have not been 
performed. 

ADVERSE REACTIONS: 

Ocular: BETOPTIC Ophthalmic Solution has been 
well tolerated. Discomfort of short duration was 
experienced by one in four patients, but none 
discontinued therapy; occasional tearing has 
been reported. Rare instances of decreased 
corneal sensitivity, erythema, itching sensation, 
corneal punctate staining, keratitis, anisocoria 
and photophobia have been reported. 


Systemic: Systemic reactions following topical 
administration of BETOPTIC Ophthalmic Solution 
have been reported rarely (e.g., insomnia and 
depressive neurosis). 
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Alcon Laboratories, Inc. 
Fort Worth, Texas 76134 






POSITION AVAILABLE FOR GENERAL OPHTHALMOLOGIST AT 
INDIANA UNIVERSITY DEPARTMENT OF OPHTHALMOLOGY 





Applicants need to have completed a recognized residency in 
Ophthalmology and be Board certified or Board eligible. Applicants 
should have a strong interest in teaching as the primary responsi- 
bility and will oversee a large resident general ophthalmology clinic 
which has 10,000 to 12,000 patient visits per year. Primary 
responsibilities will include resident instruction in patient care, 
staffing of clinic and surgical patients as well as administrative 
activities related to the clinic and the Department of Ophthalmology. 
The opportunity to see private patients, and perform surgeries 
separate from the above activities is available should the applicant 
wish. Tenure or non-tenure track through the University system is 
available. Salary will be $80,000 per year plus insurance and other 
benefits. Indiana University is an equal opportunity employer. 















Applicants interested in this position should reply with a CV 
to: 








Louis Cantor, M.D. 
c/o IU Medical Center 
Dept. of Ophthalmology 
702 Rotary Circle 
Indianapolis, IN 46223 












CHIEF OF OPHTHALMOLOGY 
VETERANS ADMINISTRATION 
WESTSIDE HOSPITAL 


In affiliation with the University of Illinois College of 
Medicine Department of Ophthalmology, the Veterans 
Administration Medical Center Westside in Chicago is 
accepting applications for the position of Chief of 
Ophthalmology. Candidates must have a medical degree 
with specialty in Ophthalmology and must be board 
certified or eligible. The position includes supervising 
residents from the University of Illinois Eye and Ear 
Infirmary, administering a busy eye clinic and overseeing 
ophthalmological surgical services. Research laboratory 
facilities are available. Research funding throughout the 
VA system is available upon written proposal. 


Please forward letters of application and resume to: 
Morton F. Goldberg, M.D. or 
Donald Sanders, M.D. 
Department of Ophthalmology 
1855 West Taylor, P.O. Box 6998 
Chicago, IL 60680 


In order to receive full consideration, applicants should 
apply by March, 1987. The University of Illinois is an 
AA/EOE. 
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Today ophthalmologists are 
discovering that a stable IOL 








surgery. And, for stability, 
more and more doctors are 
choosing closed-loop lenses 
from 3M Vision Care. 
The closed loop is engineere 
to stay in place. E 

An engineer | 
can tell you why a 
closed-loop IOL is 
more stable. Four- 
point fixation is 
designed to give 
you better centration and more torsional 
stability. But the shape of the haptic is 
critical, and that’s where our ideas go 
to work for you. For instance, we were 
first to use computer-aided design 
(CAD)—to give our Style 34LE lens 
added stability. 


A broader base of contact means 
less stress. 
A closed-loop haptic is designed to 


can mean more patient com- 
fort and fewer complaints after 





distribute pressure evenly across zonules 
and other delicate tissue, to reduce the 
risk of complications caused by tissue 
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Style 34LE Style 


damage. 3M Vision Care introduced this 
closed-loop idea in 1979. 


The big surprise is the ease 
of implantation. 
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When case reports were unstinting with details... 


There is probably a change in the character of the aqueous in old age, as there is in the 
secretion of the ductless glands. Perhaps, the decline in the secretion of the suprarenals 
renders the eye an easier prey to glaucoma. In one case, the attack was caused by the 
shock of the announcement of the sudden death of a brother; in the other (a person who 
was dependent on clerical work for a livelihood) by the joy of a telegram bringing the 


unexpected news of a good annuity. 


(Source: Wilmer DH: Diseases of the eye in old age. 


Arch Ophthalmol 1929;1:42.) 
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Contributions to this section may include comments on articles 
published in the ARCHIVES or other matters of ophthalmic inter- 
est. Such letters are subject to editorial review and will be pub- 
lished as spaee and editorial priorities permit. Published letters 
will be listed by author and title in the table of contents, and au- 
thors and subjects are indexed by the major indexing services. 

Letters to the editor ordinarily do not exceed 500 words in 
length. There should be a maximum of three references. Two fig- 
ures or one figure plus one table can be printed. 

The typescript should be double-spaced with a ragged right 
hand margin and submitted in triplicate. A copyright transmit- 
tal letter signed by all authors must accompany the letter. Please 
refer to “Instructions for Authors” for additional requirements. 


Closed-Loop Anterior Chamber Lenses 


To the Editor.—We have analyzed 1122 surgically removed 
intraocular lenses (IOLs) from complicated cases and 
enucleated globes containing IOLs that were submitted to 
the Center for Intraocular Lens Research, University of 
Utah Health Sciences Center, Salt Lake City, over a period 
of nearly four years (late 1982 to October 1986). These 
specimens were obtained from ophthalmologists nation- 
wide and were sent to us without solicitation. Therefore, 
our series does not have any known geographic bias 


that might have skewed the random nature of the 

study. Only 8% of the lenses were submitted 

PE i GIS E —— 
See also p 52. 
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by the implant surgeon; 92% were removed by a consulting 
physician and were either sent directly to us or were 
forwarded to us by the American Society of Cataract and 
Refractive Surgery, Fairfax, Va. 

Most of these IOLs were removed because of such ocular 
complications as uveitis, pseudophakic bullous keratopa- 
thy, cystoid macular edema, secondary glaucoma, hemor- 
rhage, uveal chafing syndromes (eg, uveitis-glaucoma- 
hyphema syndrome), opacification of the media, and lens 
malpositions.' Thirty-two were globes with IOLs in which 
the postimplantation complications were severe enough to 
require enucleation. This series does not include 296 globes 
with IOLs that were obtained at autopsy and sent to our 
laboratory. These specimens are being analyzed separately 
with emphasis on IOL fixation sites and lens toleration. 

There is a significant trend from our series of compli- 
cated IOL cases that warrants special mention.’ Of the 
1122 cases, 606 (54.01% ) were implantations with anterior 
chamber IOLs. Of these, 351 specimens were anterior 
chamber IOLs with closed small-diameter round loops, 
representing 31.3% of all IOLs received and 5846 of all 
anterior chamber lenses accessioned in our laboratory. In 
this letter, we report a relatively high incidence of compli- 
cations leading to lens removal for closed-loop IOLs. 

The three most frequently accessioned anterior chamber 
lenses in our series were the style 10 Leiske lens (Surgidev 
Corp, Goleta, Calif) the Azar 91Z lens (IOLAB Corp, 
Covina, Cali?) and the model 11 Stableflex lens (Optical 
Radiation Corp, Azusa, Calif); All IOLs of the described 
design are classified in “Intraocular Lens Data.” 

Our initial report on 44 style 10 Leiske IOLs and similar 
lens designs produced by other manufacturers was pub- 


Arch Ophthaimol— Vol 105, Jan 1987 


lished in July 19852 As of October 1986, we had accessioned 
a total of 165 lenses of this design. In a 1984 report, 18 Azar 
917, lenses were discussed.* We have now received 98 of 
these IOLs. A report discussing our series of 28 model 11 
Stableflex lenses was published in May 1986.* We have now 
accessioned 58 of these IOLs. The latter lens has had the 
greatest recent percentage increase in rate of accession. In 
addition, we have received 30 removed model 024 Hessburg 
IOLs (Intermedics, Intraocular Inc, Pasadena, Calif). This 
is also a closed-loop design. 

We are, of course, unable to estimate the actual number 
of cases with clinically significant complications seen 
nationwide with these various lens models. Based on 
cross-checks with many IOL manufacturers, it is clear that 
they are not aware of many of the cases we encounter. No 
doubt, many of the adverse reactions encountered by 
physicians are not reported to the manufacturers as 
originally stipulated by the Food and Drug Administration 
(FDA). 

We have discussed many of our concerns about these 
lens-related complications with the involved manufactur- 
ers. For example, in addition to publishing a formal 
report, we notified the Surgidev Corp about the well- 
documented complications occurring with their style 10 
Leiske lens. This lens is still being marketed as of this 
writing. We notified Optical Radiation Corp several times 
over the past 18 months regarding our concerns about their 
model 11 Stableflex lens,’ emphasizing the difficulty in 
removal, but this lens is also still being marketed. 

The IOLAB Corp received information from us in 1983 
and 1984 about the sharp edges of the lens optic and other 
design defects observed with the Azar 917 IOL,‘ and this 
lens was taken off the market. To our knowledge, the Azar 
917 is the only closed-loop lens that has been voluntarily 
recalled from the market to date. 

Evidence of surgical diffieulty in pseudophakos removal 
was verified in our histopathologic and scanning electron 
microscopic analyses. This difficulty was caused in most 
cases by incarceration of the small-diameter round loops 
within synechiae in the anterior chamber angle and on the 
iris root. When removal is necessary, this encapsulation 
often requires excessive cutting of the loops and/or sur- 
rounding tissues. 

In many instances, removal of the IOL is required for 
reasons other than problems with the impiant itself: for 
example, ocular trauma. However, in our opinion, even in 
these cases, the excessive difficulties oftem encountered 
during removal, as documented by the explanting sur- 
geons' clinical records and our scanning electron micro- 
scopic analyses, also represent inherent design defects. As 
a basic prerequisite for IOL manufacture, the designer 
should anticipate the possibility that removal may be 
necessary. The lens should be designed to permit the 
surgical removal procedure to be performed with the least 
possible damage to the delicate tissues of the eye. 

Considering the extremely high percentage of closed- 
loop IOLs received in our laboratory and based on a 
correlation of the clinical histories with our histopatholog- 
ic findings, we have come to the conclusion that these 
closed-loop lens designs do not provide the safety and 
efficacy achieved by other anterior chamber lens designs, 
such as well-made all-polymethyl methacrylate (pMMA) 
open-loop styles. 

We do not claim statistical significance for our series. 
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There is enough evidence, however, to lead us to predict a 
higher-than-acceptable rate of complications and difficul- 
ties with lens removal with any closed-loop IOL design. A 
comparison of the findings from our series of complicated 
cases with our separate study of 82 anterior chamber IOLs 
obtained from autopsy eyes also provides significant evi- 
dence that one-piece all-pMMA anterior chamber lens 
designs with fully integrated haptic or footplate fixation 
elements are better suited for anterior chamber angle 
implantation. Although these one-piece lenses now possess 
over 50% of the anterior chamber lens market share, only 
85 one-piece all-pMMA flexible haptic anterior chamber 
IOLs (compared with 351 closed-loop IOLs) have been 
received in our laboratory. 

Such one-piece lenses are usually tumble polished and, 
therefore, have smooth edges and lens surfaces. Examples 
of this type of lens, which have been available for several 
years, include the modern flexible Kelman lenses with 
three-point fixation (model 2100 Kelman Omnifit II, Preci- 
sion Cosmet, Minnetonka, Minn; and model AC21, Allergan 
Medical Optics, Irvine, Calif) and four-point fixation (mod- 
els MT-3U to MT-5U Kelman Multiflex, CooperVision- 
Cilco Inc, Pomona, Calif), the model 120 Feaster lens 
(Coburn Opticals Industries Inc, Clearwater, Fla), and 
various newly designed lenses with similar and possibly 
improved features. These IOLs are engineered to retain the 
optimal vault, or anteroposterior angulation, necessary to 
minimize both iris and corneal touch, even in the presence 
of intermittent pressures on the globe, such as occur when 
the patient rubs the eye. They also provide sufficient 
flexibility to minimize the problem of sizing. 

Equally important, these one-piece IOLs (particularly 
those with a Choyce-style footplate design) are usually 
much easier to explant, if removal is necessary, than 
closed-loop IOLs. Our histopathologic examinations as 
well as the low number of one-piece IOLs we have received 
in our laboratory in relation to their market share show 
that these IOLs have a lower incidence of complications 
than the closed-loop designs regardless of whether the IOL 
is implanted in the presence of surgical complications. 

This letter is not intended as a universal condemnation 
of anterior chamber lenses. Based on present knowledge, 
such action would be premature. The reasons and indica- 
tions for the occasional need to implant an anterior 
chamber lens are known by implant surgeons. Many of the 
adverse reactions reported with anterior chamber lenses 
must be considered in light of two facts: (1) Most anterior 
chamber IOLs are now implanted in complicated cases. (2) 
Many previous reports failed to differentiate between 
anterior chamber IOLs that were well designed and manu- 
factured and those known to have such negative features 
as we have discussed in this letter and in previous arti- 
cles.'^* Such a lack of specificity as to lens design may have 
biased earlier reports in a somewhat negative way toward 
all anterior chamber IOLs. 

In conclusion, based on our clinicopathologic studies, we 
strongly believe that implantation of anterior chamber 
lenses with closed small-diameter round loops is no longer 
warranted. Patients in whom these IOLs have already been 
implanted should be carefully followed up. Itis our opinion 
that the FDA should consider recall of all IOLs of this 
design and that implantation of these lenses should be 
discontinued. We believe strongly that further distribution 
of lenses with a closed-loop design outside of the United 
States is not justified. 

DAVID J. APPLE, MD 
RANDALL J. OLSON, MD 
Salt Lake City 
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This report was presented in part at the Annual Meeting of the Caradian 
Implant Association, Montreal, June 27, 1986; the Welsh Cataract Congress 
Meeting, Houston, Sept 10, 1986; and a hearing of the Ophthalmic Devices 
Panel of the FDA, Washington, DC, Oct 20, 1986. 

Neither Dr Apple nor Dr Olson has a proprietary interest in any IOL 
design or lens company mentioned in this letter. This statement also applies 
to the Center for Intraocular Lens Research and the Departmeats of 
Ophthalmology and Pathology, University of Utah Health Sciences Center, 
Salt Lake City. 
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To the Editor. —On Oct 20, 1986, data were presented to the 
Ophthalmic Devices Panel of the Food and Druz Adminis- 
tration (FDA) that indicated a potential for serious ate- 
onset complications caused by closed-loop fiexible and 
semiflexible anterior chamber intraocular lenses (IOLs). 
Examples of these lenses include the Azar-91Z (IOLAB 
Corp voluntarily withdrew this lens from the market in 
1983), Leiske (Surgidev Corp), Stableflex (Optical Rzdia- 
tion Corp), and other Leiske-type IOLs. Presentations that 
were made by Drs Kraff, Apple, Kelman, Bodner, and 
Stark suggested that a disproportionate number of exrlan- 
tations were occurring and that patients with these lenses 
had been noted to experience a high rate of postoperative 
corneal edema, uveitis, and cystoid macular edema. 

Based on the data presented, the Ophthalmic Devices 
Panel recommended to the Commissioner of the FDA that 
implantation of these lenses be done only as part of a core 
investigation and that they should not be available for 
adjunct safety studies. It was also recommended that the 
length of required follow-up for reporting of postoperztive 
results and complications be extended from one to three 
years. 

The Ophthalmic Devices Panel of the FDA encourages 
physicians to report any adverse reactions associated with 
IOL implantation (in particular, blinding complications 
and explanations of lenses) to the manufacturers, who are 
responsible to report these to the FDA. The reporting of 
complications is the responsibility of all physicians, not 
just the implanting surgeons. Adverse reactions should be 
documented on an Adverse Reaction Report Form and sent 
to the specific IOL manufacturer. Most patients have an 
implant identification card that contains the name of the 
manufacturer, the lens model number, and the lens serial 
number. However, the unavailability of these forms and/ 
or lack of complete information does not justify failure to 
report IOL-related complications. In those instances in 
which forms are not available and/or complete informa- 
tion is not known, the treating or explanting physieian 
should send the relevant information (patient's nzme, 
patient's social security number, name of implanting sur- 
geon, which eye, date of implant, and best possible descrip- 
tion of IOL type) to the following address: FDA ( HFZ-460), 
IOL Branch, 8757 Georgia Ave, Silver Spring, MD 20910. 

The reporting of adverse reactions and other vision- 
threatening complications is a responsibility all ophtaal- 
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mologists must share, for it is through this mechanism 
that the FDA is able to have unsafe lenses removed from 
distribution. 
WALTER J. STARK, MD 
Baltimore 


CLAUDE L. Cowan, MD 
Davip M. WorTHEN, MD 
Washington, DC 

Scorr M. MacRae, MD 
Portland, Ore 


ELISABETH COHEN, MD 
Philadelphia 


Surgery for Stage 5 Retinopathy of Prematurity 


To the Editors. —It has been estimated that more than 500 
infants will become blind each year due to retinal detach- 
ment associated with retinopathy of prematurity.' On Jan 
24, 1986, a small group of surgeons who were heavily 
involved in the care of infants with retinopathy of prema- 
turity came together to discuss indications, techniques, 
results, and problems associated with surgery for the 
treatment of stage 5 disease (total retinal detachment). 
The purpose of this communication is to summarize the 
discussions at that meeting. 

The participants agreed that total traction retinal 
detachment represents the major indication for surgery. 
Since the infants are developmentally delayed as well as 
limited in vision, objective visual acuity measurements are 
frequently not available either preoperatively or postoper- 
atively. Although no one would operate on an eye that does 
not have light perception, there is no generally agreed on 
way to determine with full confidence the absence or 
presence of light perception prior to surgery. For example, 
an infant with a history of stage 5 narrow funnel detach- 
ment, with a flat anterior chamber, pupillary synechia, 
increased intraocular pressure, an enlarged cornea, and 
subretinal bleeding, has a very poor prognosis. However, 
no one is willing to categorically deny this infant surgery 
knowing that without surgery, the eye is definitely rele- 
gated to blindness. In addition, no one knows the full 
extent of reversibility of retinal and optic nerve damage in 
these infants. As long as the anesthetic risks are accept- 
able, and expectations of the parents realistic, little could 
be lost by attempting surgical repair of these eyes. 

Although various surgical techniques were discussed, 
the basie goals of surgery were as follows: (1) to aim for 
complete removal of preretinal tissue and release of trac- 
tion; (2) to avoid creating retinal breaks; and (3) to avoid 
bleeding. Existing methods have advantages and disadvan- 
tages, and all have proved successful, although not consis- 
tently.” Thus, it is apparent that operative techniques are 
still evolving. Emphasis is, and should be, directed toward 
better methods to achieve the surgical goals. Since the 
methods are in a high degree of flux, it was thought 
inappropriate and premature to do any study that would 
necessitate a uniform surgical technique. 

The results achieved with vitreous surgery are thus far 
impressive in terms of anatomy (between 25% and 45% 
attachment of the retina). However, the visual results have 
been disappointing. One of the problems with comparing 
results has been the lack of accepted standards, either 
visual or anatomic, by which to judge. To begin to solve the 
latter problem, the group agreed to utilize the descriptions 
of retinopathy of prematurity as detailed by the Commit- 
tee for the Classification of Retinopathy of Prematurity.’ 
Complete zone 1 reattachment of the retina would be the 
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anatomic criterion for success. Partial attachments (mac- 
ular and extramacular) in zone 1 should also be reported 
but not included as successes. Six months was considered 
the minimum follow-up period. 

Visual results are more difficult to assess and standard- 
ize. Objective methods, electrophysiologic or psychophysi- 
cal techniques, should be explored for nonverbal infants 
and children. Historical clues, such as ability to ambulate, 
are subject to bias of interpretation. Furthermore, these 
infants garner other sensory clues to aid in ambulation. 
Central nervous system insults make the interpretation of 
visually guided behavior even more complex. Moreover, the 
effects of retinal detachment on the premature retina and 
the subsequent amblyopia confound the issue. Neverthe- 
less, the goal of surgery is to restore visien in some useful 
form. The participants agreed that this is an area that 
needs intense research and study at this time. Unlike the 
anatomic results, the evaluation of visual results requires 
a follow-up time of at least two years, and every attempt 
should be made for aphakic correction during this postsur- 
gical period. Work is needed to develop a graded visual 
testing system that is reproducible and objective at low 
levels of vision. Ultimately, all children should be followed 
up until age 6 years, when preschool visual evaluations 
based on verbal responses and Snellen acuity or equiva- 
lents can be obtained. 

EUGENE DE JUAN, JR, MD 
ROBERT MACHEMER, MD 
Durham, NC 


STEVE T. CHARLES, MD 
Memphis 

Tatsuo HIROSE, MD 
Boston 


WILLIAM S. TASMAN, MD 
Philadelphia 

MICHAEL T. TRESE, MD 
Royal Oak, Mich 


The authors would like to thank John Flynn, MD, for his advice and 
encouragement and Arch McNamara, MD, for his contributions to this 
endeavor. 
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HCFA Cutbacks Are Unfair 


To the Editor.—I read with interest the article in the 
October issue of the ARCHIVES concerning the Health Care 
Financing Administration's (HCFA's) plan to slash fees 
for cataract surgery. I agree with Mr Stacey's position 
that the proposed cutbacks in reimbursement are unfair 
and illogical. 

Since I am an optometrist by training, I have no hidden 
interest in surgeons' fees. To date, I have not participated 
in surgery in any way other than refractive postoperative 
care. I believe, though, that the current cataract removal 
procedures with posterior chamber implants and yttrium 
aluminum garnet technologies are truly wonderful. 

Having practiced since the late 1960s, I am aware of the 
tremendous advances in patient care. In my 17 years of 
practice, I have never witnes an unnecessary cataract 
removal. It is possible this is because we have an 
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abundance of good ophthalmic surgeons in the Las Vegas 
area. 

Considering that the costs of surgical practice, including 
malpractice insurance coverage, salaries of ancillary per- 
sonnel, and rent, are increasing, it is totally illogical for 
the HCFA to propose these reductions. An increase would 
seem to be more appropriate. It is almost as if ophthalmol- 
ogy is being punished for developing techniques that make 
cataract surgery easier. If a procedure is easier on the 
surgeon, it is generally easier on the patient. 

I feel strongly enough about this that I have called the 
deputy executive secretary of the American Optometric 
Association (AOA), St Louis, to solicit help from my own 
organization. Hopefully, the AOA will see that we can 
appeal to reason before the HCFA puts these cuts in place. 
An appeal from the AOA as a financially disinterested 
organization makes sense. Optometrists see these patients 
before and after surgery, and we are in a unique position at 
this time to help convince the HCFA of the value of your 
surgery. 

I truly fear that if the HCFA is successful in reducing 
fees, ophthalmologists will be forced to accept copayments 
from patients, thus placing an additional financial strain 
on the already strained elderly. Many patients would just 
opt for blindness, and in this society that should not be an 
acceptable alternative. 

R. DouGAL Morrison, OD 
Las Vegas 


1. Stacey J: Medicare cuts ‘first bite of the apple, MD warns. Arch 
Ophthalmol 1986;104:1441. 


B-Adrenergic Receptors in Human Trabecular Meshwork 


To the Editor.—We read with great interest the article by 
Drs Allen and Epstein' demonstrating the additive effect 
of betaxolol and epinephrine in primary open angle glauco- 
ma. They found that epinephrine increased outflow facility 
in the presence of betaxolol, but not in the presence of 
timolol. This led them to hypothesize that epinephrine 
increases outflow through a 8;-adrenergic mechanism. We 
have recently demonstrated for the first time the presence 
of 8-adrenergic receptors in human trabecular meshwork 
and in cultured trabecular cells? Furthermore, we deter- 
mined that the vast majority of the 8-adrenergic receptors 
were of the §,-adrenergic subtype. Our findings were 
subsequently confirmed by Kurtz et al using cultured 
human trabecular cells. These studies provide an anatomi- 
eal basis for the concept that epinephrine acts through 
B;adrenergic receptors in the trabecular meshwork to 
increase aqueous outflow facility. 

HENRY D. JAMPEL, MD 

Baltimore 


Mary G. LyNcH, MD 
REAY H. Brown, MD 
Dallas 
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3. Kurtz R, Wax M, Richmond C, et al: 8-Adrenergic receptors in cultured 
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Recurrent Subretinal Neovascularization 
To the Editor.—In a recent issue of the ARCHIVES, Wallow 


et al' reported a case of recurrent subretinal neovasculari- 
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Stereoangiograph showing subretinal neovascularization ‘arrows) orig- 
inating from retinal venule. 


zation originating from the retinal circulation following 
krypton laser photocoagulation. We have also observed 
this phenomenon clinically; particularly originating from 
the venous side. We feel, however, that this form of 
recurrent subretinal neovascularization is most common 
following treatment with a hemoglobin-absorbing wave- 
length, such as argon blue-green or green laser. Argon 
laser photocoagulation commonly causes destruction and 
atrophy of the overlying retina. This procedure damages 
normal intraretinal structural barriers and displaces the 
retinal circulation into closer proximity to the choroidal 
circulation. Retinal-choroidal anastomoses and recurrent 
subretinal neovascularization originating from the retinal 
circulation are potential consequences. 

In our experience, this form of recurrent subretinal 
neovascularization following krypton red laser photoceag- 
ulation occurs under the following conditions: 

1. A very intense burn that extends to the overlring 
retina. In this case, the normal anatomic barriers that 
restrict retinal vessels from descending posteriorly into 
the subretinal space are destroyed, setting up the occasion 
for retinal-choroidal anastomosis. 

2. Treatment of subretinal neovascularization that has 
overlying deoxygenated blood in close proximaty to the 
outer retina, or treatment of a heavily pigmented mem- 
brane with a shallow overlying sensory retinal detachment. 
These circumstances also facilitate heat transfer from the 
subretinal space to the overlying retina. 

3. Treatment of recurrent neovascularization. In this 
situation, a breakdown in the normal retinal-choroidal 
boundaries, retinal shrinkage and atrophy, and posterior 
retinal displacement have already occurred. The Figure 
documents this type of recurrent subretinal neovasculari- 
zation originating from the retinal circulation in an eye 
that was retreated with krypton red laser photocoagula- 
tion. The subretinal neovascularization is noted to origi- 
nate from a retinal venule. Subsequent closure of this 
recurrent membrane failed since the originating vascula- 
ture in the retinal circulation could not be completely 
obliterated, allowing for subsequent opening and repreli- 
feration. Failure to obliterate these membranes has been 
our usual experience. 

JOHN A. SORENSON, MD 
LAWRENCE A. YANkUZZI, MD 
JEFFREY L. SHAKIN, MD 
New York 
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Extraocular Muscle Proprioception 
and Nystagmus Surgery 


To the Editor.—The editorial “Muscles as Sense Organs" 
and the article it discussed by Campos and colleagues,’ 


both of which appeared in the August issue of the . 


ARCHIVES, were most interesting. I have found that resec- 
tion of extraocular muscle tendons can improve or elimi- 
nate nystagmus in some patients. I predicted this as a 
result of decreasing the signal in the feedback circuit. 
Unfortunately, such an approach only works in about half 


of the cases.’ 
RonBERT C. Drews, MD 
Clayton, Mo 


1. Steinbach MJ: Muscles as Arch Ophthalmol 
1986;104:1148-1149. 

2. Campos EC, Chiesi C, Bolzani R: Abnormal spatial localization in 
patients with herpes zoster ophthalmicus: Evidence for the presence of 
proprioceptive information. Arch Ophthalmol 1986;104:1176-1177. 

3. Drews RC: Cybernetic surgery for nystagmus, in Henkind P (ed): The 
Proceedings of the XXIV International Congress of Ophthalmology. New 


York, JB Lippincott, 1983, pp 908-910. 


sense organs. 


Comparison of Electrodes for Electroretinography 


To the Editor.—A comparison of electrodes for electroret- 
inography, as described by Gjótterberg, can be useful. 
However, it would have been preferable if the author had 
used a ganzfeld luminance source as a stimulator instead 
of a light source with a diameter of 12? or 15? (a photosti- 
mulator [Grass PS 22] at 75 cm distance). The retinal area 
that corresponds with this small field is 10 to 15 mm’, 
while the light-sensitive retina has a total area of about 
1000 mm2. With such a focal stimulator, the electroretino- 
gram mainly measures the response of an indirectly illu- 
minated retina. This response is smaller than the response 
to a ganzfeld stimulus. Moreover, the differences between 
responses obtained in eyes with clear media and eyes with 
opaque media (cataracts, corneal edema) are larger as a 
result o? differences in retinal light distribution. 

It cannot be assumed that  electroretinographic 
responses with the use of a Ganzfeld stimulator are 
comparable with responses using a focal stimulator. I 
calculated the retinal light distribution that results from a 
Ganzfeld luminance source if various types of electroreti- 
nographic lenses are used, and the results were recently 
published? These calculations revealed pupil-dependent 
restrictions on the homogeneity of retinal illumination 
because of vignetting with some lens types. No vignetting 
occurs if the corneal lens has an aperture of at least 12 mm 
in diameter. The Lovac contact lens causes vignetting 
because of the relatively small diameter of the corneal lens 
(9 mm) and because the rim acts as a speculum. With the 
ERG-Jet lens, the distance between the upper and lower 
eyelids can be decreased by the patient to 7.5 mm because 
of the small distance between the eyelid-retracting posts 
on the contact lens. When this happens, the light rays that 
emerge from the upper or lower periphery are obstructed 
and cannot enter the eye. With the Burian-Allen lens, no 
vignetting was found. When a focal light source is used, no 
vignetting occurs because all of the light rays enter from 
ahead. and the retinal light distribution depends mainly on 
the seatter of the light in the eye and is hardly influenced 
by the choice of the electroretinographic lens. 

Another point of concern in Gjótterberg's study is the 
comparison between a bipolar Burian-Allen lens with 0.5% 
hydroxypropyl methylcellulose as a coating agent and a 
Lovae lens with saline as a coating agent. Declerq’ and 
others have reported reductions in electroretinogram 
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amplitudes of 14% to 80% when 1.6% hydroxyethylcellu- 
lose or 1.6% methylcellulose was used compared with 0.2% 
hydroxyethylcellulose or compared with no coating agent. 
These measurements were made with a bipolar Burian- 
Allen lens or a Lovac lens with a reference electrode on the 
forehead. It is possible that a relatively thick layer of the 
coating agent lowers the impedance between the corneal 
electrode and the reference electrode, which can result in 
lower amplitudes. It is difficult to determine what influ- 
ence the 0.5% solution had on the amplitudes. 

Because of the importance of this study, my suggestion 
is to repeat the experiment with a ganzfeld stimulator and 
the use of one type of coating agent. 

Aart C. KoouMAN, MD, PHD 
Groningen, the Netherlands 


1. Gjótterberg M: Electrodes for electroretinography: A comparison of 
four different types. Arch Ophthalmol 1986;104:569-570. 

2. Kooijman AC: The homogeneity of the retinal illumination is re- 
stricted by some ERG lenses. Invest Ophthalmol Vis Sci 1986;27:370-375. 

3. Declerq SS: The coating agent on the corneal contact lens in electro- 
retinography. Am J Ophthalmol 1971,83:26 1-211. 


In Reply.—I appreciate Dr Kooijman's detailed comments. 
I fully agree with him that you get different responses 
with a ganzfeld stimulator than with a focal stimulator. 
However, the crucial point is that the same light stimulus 
is used with each electrode. Of course, as Dr Kooijman 
suggests, it would be interesting to perform another study 
with the use of a ganzfeld stimulator and compare the 
results. As Dr Kooijman has shown, other problems may 
arise when a ganzfeld stimulator is used because of the 
vignetting caused by some electrodes. 

The other point made in the comment is that of the 
coating agent. I must admit that it cannot be ruled out that 
even 0.5% hydroxypropyl methylcellulose might lower the 
amplitude in comparison with saline as a coating agent. As 
the aim of my study was to compare the registrations of 
different electrodes used in clinical practice, I just used the 
standard procedure for inserting each electrode. Neverthe- 
less, the remark is important. If you follow the recommen- 
dations made by Carr and Siegel, "A drop of any tear 
substitute containing methylcellulose is placed on the 
posterior surface of the contact lens of the eye electrode," 
and use different concentrations of cellulose, you might be 
in trouble! 

MAGNUS GJOTTERBERG, MD 
Huddinge, Sweden 


1. Carr RE, Siegel IM: Visual Electrodiagnostic Testing. Baltimore, 
Williams & Wilkins, 1982, p 18. 


A Second Medical Opinion and the Elimination of 
Malpractice Suits 


To the Editor.—Recently, one of my internist colleagues 
had a judgement against him for $500 000. One of his 
patients, who had previously been convicted of driving 
while intoxicated, had a second accident when driving 
while intoxicated that caused a fatality. The suit was 
brought against the internist because he had prescribed 
diazepam for his patient without properly informing him 
of the dangers of the combination of diazepam and alco- 
hol. 

The number of medical malpractice suits increases and 
the exorbitant awards continue to increase. Thank God 
some states have been able to change their tort laws. 
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Perhaps Congress will listen to President Reagan’s request 
that the tort laws be changed and the awards limited. 

In an interview in the July 2, 1986, issue of USA Today, 
Gail J. Koff, the author of Practical Guide to Everyday 
Law, made a very practical suggestion. 


USA Today: In your book, you suggest that not every medical 
aeeeprtane is malpractice. How would you define the differ- 
ence? 

Koff: Doctors are only human, and because an operation isn’t 
100 percent successful does not mean it’s malpractice. People area 
little confused about that. Basically, all doctors can do is what 
they can according to accepted medical standard practice and 
procedures. They’re not magicians. 

USA Today: What should people do if they think they are 
victims of medical malpractice? 

Koff? They should be sure that they’ve kept their medical 
records, kept good notes of their visits, and any information 
they’ve gotten from the doctor. And I think they need to get a 
m medical opinion before they go to a lawyer [italics add- 
ed]. 


I think that many malpractice suits would not be 
pursued if the lawyers would obtain a second or third 
medical opinion before filing suit. Most lawyers do not get 
an expert witness until it is time to go to trial. Obtaining a 
medical opinion first could eliminate many "false" suits 
and the time, money, and anguish of long, drawn-out 
litigation. 

Louis J. GiRARD, MD 
Houston 


Influence of Age 
on Quantitative Perimetry 


To the Editor.—We would like to remark on the article in 
the ARCHIVES by Katz and Sommer.' Using the Humphrey 
visual field analyzer, the authors found, in normal eyes, a 
nonlinear decay of the sensitivity toward the periphery. 
The slope of the decay was dependent on the direction. The 
sensitivity was most depressed in the superior quadrant. 
They also found a significant age influence at all test 
locations. These findings confirm those of previous studies? 
and are well in line with the normal values stored in the 
memory of the OCTOPUS automated perimeter system.’ 

In addition, the authors found the age influence to be 
different in different visual field areas. This age influence 
was larger in the periphery than in the center and larger in 
the upper half of the visual field than in the lower half. 
These findings are also in agreement with an OCTOPUS 
normal value study.‘ 

These findings emphasize that age-corrected normal 


values for each test location are a prerequisite for the . 


detection of pathologic deviations in quantitative perime- 
try. 
JOSEF FLAMMER, MD 
HANS BEBIE, PHD 
Bern, Switzerland 


The authors have no proprietary interest in either the Humphrey or the 
OCTOPUS perimeter. 
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Ocular Neuromyotonia 


To the Editor.—Although Shults and colleagues! refer to 
the possible role of central synaptic reorganization follow- 
ing peripheral nerve injury in the pathogenesis of ocular 
neuromyotonia, they favor the alternative hypothesis of 
injured motor axons generating spontaneous impulses. The 
clinieal data provided, however, may be interpreted as 
supporting a central cause. 

In three of the four cases described involving the oculo- 
motor nerve, the neuromyotonic phase involved the extra- 
ocular muscles innervated by the third nerve, but not the 
pupil and ciliary muscle, as would be expected with ephap- 
tic transmission. All of these patients showed lid retrac- 
tion on downgaze in the neuromyotonic phase, ie, an 
increased innervation of one third nerve-innervated mus- 
cle on attempted use of another in a stereotyped pattern, 
suggesting that the function of the subnuclei o? these two 
muscles was abnormally coordinated. Moreover, slight lid 


, retraction on downgaze was a feature outside the neuro- 


myotonic phase in all four cases, increasing in one case as a 
mild third nerve palsy evolved. Even if it is considered as 
evidence of “misdirection” of regenerated motor axons, 
this sign indicates the involvement of third-nerve nucleus 
cell bodies. A more plausible explanation, especially in 
view of the spontaneous resolution in one case, would be 
that a new or alternative pattern of central control must 
have been established. 

Ephaptie transmission is an attractive theory of periph- 
eral nerve dysfunction, but has never been satisfactorily 
demonstrated in humans.?? The efficacy of carbamazepine 
in the patients described and in those with hemifacial 
spasm may equally be due to the reduction of spontaneous 
discharges in a hyperexcitable cranial nerve nueleus.^ 

Acute, traumatic third-nerve palsy is followed by retro- 
grade chromatolysis and, probably, a reduction in central 
synaptic connections.’ Axonal regrowth is accompanied by 
an increase in synapses, but not to the pretrauma level, 
thereby creating the possibility of a new pattern of third- 
nerve internuclear and supranuclear connections. This 
may account for the clinical features of acquired oculomo- 
tor synkinesis. Similarly, chronic axonal damage to the 
third nerve may induce synaptic changes in individual 
motor nerve cell bodies, with the gradual emergence of 
another pattern of function. Nuclear hyperexcitability, as 
has been demonstrated in the facial nucleus in hemifacial 
spasm, probably resulting from chronic seventh-nerve 
trauma,’ may lead to an ill-sustained synkinesis of third 
nerve-innervated structures that is evoked by the activa- 
tion of one subnucleus by sustained gaze. The pupil and 
ciliary muscle may be spared because of the anatomical 
disposition of the third-nerve nucleus. Similar nuclear 
hyperexcitability following chronic peripheral nerve dam- 
age may account for the cases involving the lateral rectus 
and superior oblique muscles. 

JOHN S. ELSTON 
London 
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In a multicenter study*... 


Unsurpassed Ocular Tolerability 


Of 110 subjects evaluated: 

lll nearly twice as many experienced burning or tearing 
with Betoptic** (betaxolol HCI) 

ll ocular symptoms overall were fewer and significantly 
less severe with TIMOPTIC 


Preferred over Betoptic by More Than 6 to 1 


Of 113 subjects evaluated: 

lll 94 (83.2%) preferred TIMOPTIC 
li 15 (13.3%) preferred Betoptic 
ll 4 (3.596) had no preference 


In clinical trials lasting from one month to over three years’... 


Unsurpassed Systemic Tolerability Profile 
Documented in More Than 2,000 Patients 


lll 98% reported NO cardiovascular side effects 
W 99% reported NO respiratory side effects 


Unsurpassed IOP Control Now... 
and for the Long Term 


Efficacy findings revealed a significant reduction in IOP 
and no evidence of tachyphylaxis or tolerance." 


Consider the Outstanding Value of TIMOPTIC... 


Efficacy, tolerability, ocular comfort, preference. . plus the round 
OCUMETER’ Sterile Ophthalmic Dispenser with the exclusive 
precision-designed tip that delivers a metered dose— 

dose after dose—to help make every drop of TIMOPTIC count 
for your patient. 


*Data from a multiple-dose, double-masked, randomized, two-period crossover study 
of healthy volunteers comparing TIMOPTIC 0.5% b.i.d. to Betoptic 0.5% b.i.d. for 
ocular tolerability and subject preference. 

**registered trademark of Alcon Laboratories, Inc. 

‘Data from the original clinical trials for TIMOPTIC and from ongoing studies designed 
to assess the effects of TIMOPTIC, of pilocarpine, or of no treatment on long-term 
control of IOP and on change in visual fields. These studies are intended to have 
patients under observation for up to six years, with evaluations at three- to four- 
month intervals. 

** All patients did not contribute data at all time points because the trials varied in length 
and not all patients were evaluated at each time period. The measurement at each 
time period represents the mean IOP of all patients available. 


For the majority of patients with chronic open-angle glaucoma 
or elevated IOP who are at sufficient risk to require therapy 
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How to start patients on TIMOPTIC: 
Usual starting dosage: one drop 0.25% TIMOPTIC in the affected eye(s) twice a day. 


How to transfer from a single antigiaucoma agent to TIMOPTIC: 
1. On the first day: continue with the agent already being used and add one drop 
0.25% TIMOPTIC in the affected eye(s) b.i.d. 


2. On the second day: discontinue the previously used agent and continue with 
TIMOPTIC in the affected eye(s) b.i.d. 


If clinical response is not adequate: 
Dosage may be increased (from the 0.25% solution) by changing to one drop 0.5% 
TIMOPTIC twice a day in the affected eye(s). Dosages above one drop of 0.5% 
TIMOPTIC twice a day generally have not been shown to produce further reduction 
of IOP. If the intraocular pressure is maintained at Satisfactory levels, the dosage 
schedule may be changed to one drop once a day in the affected eye(s). 

In patients with a history of severe cardiac disease, signs of cardiac failure should 
be watched for and pulse rates should be checked. 


CONTRAINDICATIONS: TIMOPTIC is contraindicated in patients with bronchial asthma, a history of 

bronchial asthma, or severe chronic obstructive pulmonary disease (see WARNINGS); sinus brady- 

cardia; second- and third-degree atrioventricular block; overt cardiac failure (see WARNINGS): cardio- 

e Shock; hypersensitivity to any component of this product. 
pe As with other ically applied ophthalmic drugs, this drug may be absorbed systemic- 

ally. 

The same adverse reactions found with systemic administration of beta-adrenergic blocking 
agents may occur with topical administration. For example, severe respiratory reactions and 
cardiac reactions, including death due to bronchospasm in patients with asthma, and rarely 
death in association with cardiac failure, have been reported following administration of 
TIMOPTIC (see CONTRAINDICATIONS). 

Cardiac Failure: Sympathetic stimulation may be essential for support of the circulation in individuals 

with diminished myocardial contractility, and its inhibition by beta-adrenergic receptor blockade may 

precipitate more severe failure. 

In Patients Without a History of Cardiac Failure: Continued depression of the myocardium with beta- 

blocking agents over a period of time can, in some cases, lead to cardiac failure. At the first sign or 

symptom of cardiac failure, TIMOPTIC should be discontinued. 

Obstructive Pulmonary Disease: PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE 
e.g., CHRONIC BRONCHITIS, EMPHYSEMA) OF MILD OR MODERATE SEVERITY, BRONCHOSPAS- 
IC DISEASE OR A HISTORY OF BRONCHOSPASTIC DISEASE (OTHER THAN BRONCHIAL ASTHMA 

OR A HISTORY OF BRONCHIAL ASTHMA, IN WHICH 'TIMOPTIC' IS CONTRAINDICATED, see CON- 

TRAINDICATIONS), SHOULD IN GENERAL NOT RECEIVE BETA BLOCKERS, INCLUDING 'TIMOPTIC . 

However, if TIMOPTIC is necessary in such patients, then the drug should be administered with caution 

since it may block bronchodilation produced by endogenous and exogenous catecholamine stimula- 

tion of beta, receptors. 

Major Surgery: The necessity or desirability of withdrawal of beta-adrenergic blocking agents prior to 

major surgery is controversial. Beta-adrenergic receptor blockade impairs the ability of the heart to 

respond to beta-adrenergically mediated reflex stimuli. This may augment the risk of general anesthe- 

Sia in surgical procedures. Some patients receiving beta-adrenergic receptor blocking agents have 

been subject to protracted severe hypotension during anesthesia. Difficulty in restarting and maintain- 

ing the heartbeat has also been reported. For these reasons, in patients undergoing elective surgery, 
some authorities recommend gradual withdrawal of beta-adrenergic receptor blocking agents. 

If necessary during surgery, the effects of beta-adrenergic blocking agents may be reversed by suf- 
ficient doses of such agonists as isoproterenol, dopamine, dobutamine, or levarterenol. 

Diabetes Mellitus: Beta-adrenergic blocking agents should be administered with caution to patients 

Subject to spontaneous hypoglycemia or to diabetic patients (especially those with labile diabetes) who 

are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor blocking agents may mask 

the signs and symptoms of acute hypogiycemia. 

Thyrotoxicosis: Beta-adrenergic blocking agents may mask certain clinical signs (e.g., tachycardia) of 

hyperthyroidism. Patients suspected of developing thyrotoxicosis should be managed carefully to 

avoid abrupt withdrawal of beta-adrenergic blocking agents which might precipitate a thyroid storm. 

PRECAUTIONS: General: Patients who are receiving a beta-adrenergic blocking agent Orally and 

TIMOPTIC should be observed for a potential additive effect either on the intraocular pressure or on the 

known systemic effects of beta blockade. 

Because of potential effects of beta-adrenergic blocking agents relative to blood pressure and pulse, 
these agents should be used with caution in patients with cerebrovascular insufficiency. If signs or 
symptoms suggesting reduced cerebral blood flow develop following initiation of therapy with 
TIMOPTIC, alternative therapy should be considered. 

Muscle Weakness: Beta-adrenergic blockade has been reported to potentiate muscle weakness con- 

sistent with certain myasthenic symptoms (e.g., diplopia, ptosis, and generalized weakness). Timolol 

has been reported rarely to increase muscle weakness in some patients with myasthenia gravis or 
myasthenic symptoms. 

In patients with angle-closure glaucoma, the immediate objective of treatment is to reopen the 
angle. This requires constricting the pupil with a miotic. TIMOPTIC has little or no effect on the pupil. 
When TIMOPTIC is used to reduce elevated intraocular pressure in angle-closure glaucoma, it should 
be used with a miotic and not alone. 

As with the use of other antiglaucoma drugs, diminished responsiveness to TIMOPTIC after pro- 
longed therapy has been reported in some patients. However, in one long-term study in which 96 
patients have been followed for at least 3 years, no significant difference in mean intraocular pressure 
has been observed after initial stabilization. 

Drug Interactions: Although TIMOPTIC used alone has little or no effect on pupil size, mydriasis 

resulting from concomitant therapy with TIMOPTIC and epinephrine has been reported occasionally. 

Close observation of the patient is recommended when a beta blocker is administered to patients 
receiving catecholamine-depleting drugs such as reserpine, because of possible additive effects and 
the production of hypotension and/or marked bradycardia, which may produce vertigo, syncope, or 
postural hypotension. 
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Caution should be used in the coadministration of beta-adrenergic blocking agents, such as 
TIMOPTIC® (Timolol Maleate, MSD), and oral or intravenous calcium antagonists. because of possible 
atrioventricular conduction disturbances, left ventricular failure, and hypotension. In patients with 
pans cardiac function, coadministration should be avoided. 

€ concomitant use of beta-adrenergic blocking agents with digitalis and calcium antagorists may 
have additive effects in prolonging atrioventricular conduction time. 
Animal Studies: No adverse ocular effects were observed in rabbits and dogs administered TIMOPTIC 
topically in studies lasting one and two years respectively. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: In a two-year oral Study of timolol maleate in 
rats, there was a statistically significant (P<0.05) increase in the incidence of adrenal pheoch-omocy- 
tomas in male rats administered 300 times the maximum recommended human cral dose* (© mg/kg/ 
day). Similar differences were not observed in rats administered oral doses equivalent to 25 or 100 
times the maximum recommended human oral dose. In a lifetime oral study in mice, there were statis- 
tically significant (P=<0.05) increases in the incidence of benign and malignant pulmonary tumors and 
benign uterine polyps in female mice at 500 mg/kg/day, but not at 5 or 50 mg/kg/day. There was also a 
significant increase in mammary adenocarcinomas at the 500-mg/kg/day dose. This was associated 
with elevations in serum prolactin which occurred in female mice administered timolol at 500 mg/kg, 
but not at doses of 5 or 50 mg/kg/day. An increased incidence of mammary adenocarcinomas in 
rodents has been associated with administration of several other therapeutic agents which elevate 
serum prolactin, but no correlation between serum prolactin levels and mammary tumors has been 
established in man. Furthermore, in adult human female subjects who received oral dosages 3f up to 
60 mg of timolol maleate, the maximum recommended human oral dosage, there were no dinically 
meaningful changes in serum prolactin. 

There was a statistically significant increase (P<0.05) in the overall incidence of neoplasms in 
female mice at the 500-mg/kg/day dosage level. 

Timolol maleate was devoid of mutagenic potential when evaluated in vivo (mouse) in the micronu- 
cleus test and cytogenetic assay (doses up to 800 mg/kg) and in vitro in a neoplastic cell transforma- 
tion assay (up to 100 g/mL). In Ames tests, the highest concentrations of timolol employed, 5000 or 
10,000 j.g/plate, were associated with statistically significant elevations (P<0.05) of revertants 
observed with tester strain TA100 (in seven replicate assays) but not in the remaining three strains. In 
the assays with tester strain TA100, no consistent dose response relationship was-observed, nor did 
the ratio of test to control revertants reach 2. A ratio of 2 is usually considered :he criterian for a 
positive Ames test. 

Reproduction and fertility studies in rats showed no adverse effect on male o: female fertility at 
doses up to 150 times the maximum recommended human oral dose. 

Pregnancy: Pregnancy Category C: Teratogenicity studies with timolol in mice and rabbits at doses up 
to 50 mg/kg/day (50 times the maximum recommended human oral dose) showed no evidence of fetal 
malformations. Aithough delayed fetal ossification was observed at this dose in rats, there were no 
adverse effects on postnatal development of offspring. Doses of 1000 mg/kg/day (1,000 times the 
maximum recommended human oral dose) were maternotoxic in mice and resulted in an increased 
number of fetal resorptions. Increased fetal resorptions were also seen in rabbits at doses of 100 times 
the maximum recommended human oral dose, in this case without ap arent maternotoxicity. There 
are no adequate and well-controlled studies in pregnant women. TI OPTIC shoutd be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: Because of the potential for serious adverse reactions from timolol in nursing 
infants, a decision should be made whether to discontinue nursing or to discontinue the drug, taking 
into account the importance of the drug to the mother. 

Pediatric Use: Safety and effectiveness in children have not been established by adequate and well- 
controlled studies. 

ADVERSE REACTIONS: TIMOPTIC Ophthalmic Solution is usually well tolerated. The following 
adverse reactions have been reported either in clinical trials of up to 3 years’ durationsprior to release in 
1978 or since the drug has been marketed. 


BODY AS A WHOLE SKIN ENDOCRINE 
Headache, asthenia, chest pain. Hypersensitivity, including Masked symptoms of hypo- 
CARDIOVASCULAR localized and generalized glycemia in insuiin-dependent 
Bradycardia, arrhythmia, rash; urticaria. diabetics (see WARNINGS). 
hypotension, syncope, heart RESPIRATORY SPECIAL SENSES 


block, cerebral vascular Bronchospasm Signs and symptoms of ocular 
accident, cerebral ischemia, (predominantly in patients irritation, including conjunc-ivitis, 
cardiac failure, with preexisting blepharitis, keratitis, blepharop- 
Ipitation, cardiac arrest. bronchospastic disease), tosis, decreased corneal sensitiv- 
DIGESTIVE respiratory failure, dyspnea, ity, visual disturbances including 
Nausea, diarrhea. nasal congestion. refractive changes (due to with- 
NERVOUS SYSTEM/ drawal of miotic therapy in some 
PSYCHIATRIC cases), diplopia, ptosis. 


Dizziness, depression, 
increase in signs and symp- 
toms of myasthenia gravis, 
paresthesia. 


Causal Relationship Unknown: The following adverse effects have been reported, and a causa rela- 
tionship to therapy with TIMOPTIC has not been established: Body as a Whole: Fatigue; Cardiovascu- 
lar: Hypertension, pulmonary edema, worsening of angina pectoris; Digestive: Dyspepsia, anorexia, 
dry mouth; Nervous System/Psychiatric: Behavioral changes including confusion. hallucinations, 
anxiety, disorientation, nervousness, somnolence, and other psychic disturbances. Skin: Alopecia; 
Special Senses: Aphakic cystoid macular edema; Urogenital: Retroperitoneal fibrosis. impotence. 

The following adcitional adverse effects have been reported in clinical experience with oral timolol 
maleate, and may be considered potential effects of ophthalmic timolol maleate: Body as a Whole: 
Extremity pain, decreased exercise tolerance, weight loss; Cardiovascular: Edema, worsening of arte- 
rial insufficiency, Reynaud’s phenomenon, vasodilatation; Digestive: Gastrointestinal pain, hepato- 
megaly, vomiting; Hematologic: Nonthrombocytopenic purpura; Endocrine: Hyperglycemia, 
hypoglycemia; Skin: Pruritus, skin irritation, increased pigmentation, sweating, colc*hands and feet: 
Musculoskeletal: Arthralgia, claudication; Nervous System/Psychiatric: Vertigo, 'ocal weakress, 
decreased libido, nightmares, insomnia, diminished concentration; Respiratory: Rales, cough, bron- 
chial obstruction; Special Senses: Tinnitus, dry eyes; Urogenital: Urination difficulties. 

Potential Adverse Effects: \n addition, a variety of adverse effects have been reported with other 
beta-adrenergic blocking agents and may be considered potential effects of ophthalmic timolol 
maleate: Digestive: Mesenteric arterial thrombosis, ischemic colitis; Hematologic: Agranulocytosis, 
thrombocytopenic purpura; Nervous System: Reversible mental depression progressing to catatonia: 
an acute reversible syndrome characterized by disorientation for time and place, short-term memory 
loss, emotional lability, slightly clouded sensorium, and decreased performance on neuropsychcme- 
trics; Allergic: Erythematous rash, fever combined with aching and sore throat, laryagospasm with 
respiratory distress; Urogenital: Peyronie's disease. 

here have been reports of a syndrome comprising psoriasiform skin rash, conjunctivitis sicca, 
Otitis and sclerosing serositis attributed to the beta-adrenergic receptor blocking agent. practolol. This 
syndrome has not been reported with timolol maleate. 
HOW SUPPLIED: TIMOPTIC Ophthalmic Solution, 0.25% and TIMOPTIC Ophthalmic Solution, 0.5%. 
Both are available in 2.5-mL, 5-mL, 10-mL, and 15-mL plastic OCUMETER® Ophthalmic Dispensers 
with a controlled drop tip. 
Storage: Protect from light. Store at room temperature. 


*The maximum recommended single oral dose is 30 mg of timolol. One drop of TIMOPTIC 0.5% zon- 


tains about 1/150 of this dose which is about 0.2 mg. 
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Ptosis Following Refractive 
Corneal Surgery 


To the Editor.—Recently, a patient 
presented at The Wilmer Institute, 
The Johns Hopkirs Hospital, Balti- 
more, with ptosis as a complication 
following keratorefractive surgery. 


Report of a Case.—A 27-year-old man 
underwent radial keratotomy (RK) of the 
left eye at another iastitution 33 months 
prior to our examination. His preoperative 
refraction was —4.25 + 0.50 x 5° OD and 
—4.75 + 0.50 X 165° OS with 20/20 cor- 
rected visual acuity in each eye. A 16- 
incision RK procedure was performed with 
a 3.8-mm optical zone. Four and a half 
months postoperatively, refraction was 
—1.25 + 2.50 x 180° CS, giving 20/20 visual 
acuity. A Ruiz proeedure to correct the 
astigmatism was then performed by the 
original surgeon on tie left eye. Postopera- 
tively, the patient had periorbital edema, 
with some swelling of the left upper lid. 
After two months, the refraction was 
—3.50 + 6.00 X 10° wrth a corrected visual 
acuity of 20/30. Nime months after surgery, 
uncorrected visual aeuity was 20/40, and a 
refraction of pl + 250 X 54° gave 20/20 
visual acuity. 

At presentation, the patient’s subjective 
complaints includec continued need for 
optical correction; difficulty in obtaining a 
good contact lens fi- in the operated eye; 
fluctuation in vision, with a decrease in 
acuity as the day progressed; recurrent 
mild irritation to the operated eye; and 
glare problems that were especially promi- 
nent at night. Sinee the second procedure, 
the patient noted a ptesis of the left upper 
lid (Figure). 


Examination at the Wilmer Institute 29 
months after the second procedure 
revealed a visual acuity of 20/20 in the 
operated eye, which fluctuated because of a 
poorly centered left contact lens. Refrac- 
tion of the eye was —2.50 + 3.25 X 5°. 
External examination revealed a 2- to 3- 
mm ptosis of the left upper lid, presumably 
due to a levator tendon defect. The ptosis 
was not "protective." Levator function was 
good, with a 14- to 15-mm excursion. There 
was fibrotic scarring of the corneal inci- 
sions and an iron line. No corneal neovas- 
cularization was present; the lens was 
clear. 


Comment.—This patient demon- 
strates some of the commonly encoun- 
tered complications seen after kera- 
torefractive surgery including fluctu- 
ation of vision, changing astigmatism, 
progression toward hyperopia, glare, 
and difficulty with subsequent con- 
tact lens use. 

He also demonstrated an upper lid 
ptosis problem. This was due to leva- 
tor tendon dehiscence, which was 
demonstrated at the time of surgical 
repair of the ptosis. The tendon dehis- 
cence was presumably due to upper lid 
edema following refractive corneal 
surgery. In a recent article by O’Day 
et al,' ptosis was an observed compli- 
cation in one patient (case 2), but it 
seems to be a complication of the 
retrobulbar injection and not due to 
postoperative edema. 

Prospective studies indicate that 
RK may be effective in reducing myo- 
pia,? and the Ruiz procedure can 
change astigmatism. Our patient 


Left upper eyelid ptosis following keratorefractive surgery. 
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illustrates that several associated 
complications can occur and that new 
complications are continuing to be 
discovered. 

We urge caution in selecting surgi- 
cal candidates for keratorefractive 
surgery; we believe that adequate 
informed consent remains an ethical 
imperative. 

RoGER D. BONHAM, MD 
W. JACKSON ILiFF, MD 
WALTER J. STARK, MD 
PaATRICIA W. SMITH, MD 
CLAYTON E. WHITNEY, MD 
Baltimore 
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Pale-Centered Retinal Hemorrhages 
Following Vitrectomy 


To the Editor.—We read with interest 
the letter entitled “Hemorrhagic Ret- 
inopathy Following Uncomplicated 
Pediatric Cataract Extraction’ in the 
July 1986 issue of the ARCHIVES. We 
recently had the opportunity to 
observe similar pale-centered retinal 
hemorrhages in an adult patient fol- 
lowing lensectomy and vitrectomy for 
a traumatic dislocated lens and pha- 
kolytic glaucoma. 


Report of a Case.—A 34-year-old man 
was referred to the San Francisco Veter- 
ans Administration Hospital for evalua- 
tion and treatment of phakolytic glaucoma 
and a traumatic, dislocated lens, which 
occurred following blunt trauma to his left 
eye. 

Medical history and general physical 
examinations were unremarkable. On ocu- 
lar examination, the right eye was entirely 
normal. The left eye had an intraocular 
pressure of 38 mm Hg. The lens was totally 
opacified and dislocated inferiorly. There 
was a choroidal rupture with hyperplasia 
of the retinal pigment epithelium extend- 
ing through the fovea. The patient was 
brought to the operating room where an 
uncomplicated combined pars plana vitrec- 
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tomy and lensectomy was performed in the 
left eye. 

On the first postoperative day, the 
intraocular pressure in the eye that was 
operated on was 14 mm Hg. The right 
fundus was normal. The left fundus had 
multiple round, pale-centered hemor- 
rhages for 360° surrounding the macula 
(Fig 1). Fluorescein angiography was 
obtained on the third postoperative day 
(Fig 2). Laboratory workup, including com- 
plete blood count, chest roentgenogram, 
VDRL, erythrocyte sedimentation rate, 
echocardiogram, electrocardiogram, blood 
coagulation studies, and repeated physical 
examination, disclosed no underlying sys- 
temic abnormalities. 


Comment.—There has been confu- 
sion in the literature regarding the 
origin of white-centered retinal hem- 
orrhages in various pathologic condi- 
tions. Indeed, the cause of the pale 
center may depend on the underlying 
pathologie process. For example, in 
leukemia, the white center has been 
shown histologically to be an infil- 
trate of leukemic cells? In many cases 
of bacterial endocarditis, it has been 
shown to be a focal accumulation of 
white blood cells, polymorphonuclear 
leukocytes in acute illness, and mono- 
nuclear cells in chronic disease? Some 
authors have suggested that in condi- 
tions associated with anoxia and 
venous hypertension, such as perina- 
tal hemorrhages, difficult intubation, 
and intracranial hemorrhage, the pale 
center of the hemorrhage is a fibrin- 
platelet aggregate, resulting from 
venous decompensation. In some 
cases, ocular involvement is unilater- 
al, despite an underlying systemic 
condition. For example, Von Barse- 
wisch* observed that 30% of neonatal 
white-centered retinal hemorrhages 
were unilateral. 
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Fig 1.—Red-free photograph of left eye demonstrating pale-centered 
retinal hemorrhages for 360? surrounding, but not involving, macula. 





In our case, the cause of the retinal 
hemorrhages following vitrectomy is 
not clear. Retinal hemorrhages have 
been reported following a case of 
intracapsular cataract extraction.’ In 
this instance, however, the hemor- 
rhages were not pale-centered and 
were thought to be secondary to an 
ischemic central retinal vein occlu- 
sion. In our case, fluorescein angiog- 
raphy demonstrated normal vascular 
filling, without evidence of retinal 
ischemia or prolonged arteriovenous 
transit time. 

An underlying systemic condition, 
such as subacute bacterial endocardi- 
tis or leukemia, was ruled out by 
clinical and laboratory workup. Fur- 
thermore, the occurrence of the hem- 
orrhages on the day following vitrec- 
tomy surgery suggests that they were 
related to the surgery itself or to the 
anesthesia. Mets and Del Monte! sug- 
gested that the retinal hemorrhages 
noted in their patients may have 
resulted from an elevation in venous 
pressure, which was associated with 
anesthesia, or from intraoperative 
ocular hypotony. Pale-centered hem- 
orrhages have been observed follow- 
ing difficult or prolonged intubation.‘ 
In our case, however, anesthetic 
induction and extubation was smooth 
and rapid. Furthermore, intraopera- 
tive hypotony was minimal, as the 
surgery was performed with continu- 
ous infusion in a closed system to 
maintain normal intraocular pres- 
sure. The cause of the retinal hemor- 
rhages seen in our case, and in the 
case reported by Mets and Del Monte, 
remains unknown. 

GLENN J. JAFFE, MD 
WALTER H. STERN, MD 
San Francisco 





Fig 2.—Fluorescein angiogram from arteriovenous phase of left eye 
showing normal vascular filling and integrity. Note pale-centered 
hemorrhages corresponding to hypofluorescent areas on fluorescein 
angiogram. 
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Penetration of Topical Indomethacin 
Into Subretinal Fluid of Patients 
With Retinal Detachments 





To the Editor.—Cystoid macular ede- 
ma is a significant problem after reti- 
nal detachment surgery.' In view of 
the recent interest in topical indo- 
methacin in the treatment of postop- 
erative cystoid macular edema, we 
have attempted to study the penetra- 
tion of topical indomethacin into sub- 
retinal fluid. 


Patients and Methods.—Nine consecu- 
tive patients with rhegmatogenous retinal 
detachments were evaluated. Four pa- 
tients were phakic and five patients were 
aphakic. One patient required reoperation 
and was therefore included in the study 
twice. During the preoperative period, six 
patients received topical indomethacin, 
two drops every hour until surgery. The 
nasal lacrimal duct was compressed for 
three minutes. No other drops were admin- 
istered at close intervals to the indometha- 
cin instillation. The time of administration 
varied from four to 24 hours, depending on 
readiness of the patient and the operating 
room staff for emergency procedure. The 
number of hours in each case is recorded in 
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Patients Receiving Topical Indomethacin 


indomethacin in 
Subretinal Fluid, 
ug/mL 


Patient No./ 

Age, y/Sex 
1/35.F 
2/63.F 
3/56. M 
4/65.F 








§/32/F 
6/72/M 


the Table. The solution was prepared by 
dissolving 50mg of indomethacin in 5 mL 
of tear substitute, yielding a 1% aqueous 
solution. All patients underwent an intra- 
scleral buekling procedure with subretinal 
fluid drainage through a sclerotomy site in 
the sclera! bed. 

The subretinal ftuid was collected, fro- 
zen, and sent to a laboratory for indometh- 
acin assay analysis. The patient who 
underwent a reoperation for subretinal 
fluid drainage received oral indomethacin 
treatment (50 mg every eight hours for a 
total of 208 mg) prior to the second proce- 
dure. Of the ten surgical procedures per- 
formed, in six procedures the patient 
received topical indomethacin. Three 
patients received no indomethacin prior to 
the operation and were included as con- 
trols. One aphakic patient (patient 2) on 
reoperation was reeeiving oral indometha- 


cin. Of the six patients who received topi- 


cal indomethacin, three patients were 
phakic and three were aphakic. 


Results—All aphakic patients 
showed substantial levels of indo- 
methacin in the subretinal fluid, while 
the phakie patients had no detectable 
level of indomethacin (Table). The 
three patients who received no indo- 
methacin showed no detectable levels 
of the drug in the subretinal fluid. In 
addition, one aphakic patient who 
received oral indomethacin had no 
detectable level. 


Comment.—In this preliminary 
study, topical indomethacin pene- 
trated the subretinal fluid in aphakic 
eyes but not in phakic eyes.’ In ad- 
dition, oral indomethacin did not pen- 
etrate the subretinal fluid of one 
phakic patient. These results suggest 
a hypothetical route of penetration of 
topical indomethacin through the 
anterior chamber where the blood- 
aqueous barrier has been disrupted by 
prior cataract surgery. Subsequent 
investigation, using a statistically 
meaningful sample, is planned to test 
this hypothesis. A possible correlation 
between the presence of indomethacin 
in subretinal fluid and a phakic vs an 
aphakic cendition suggests a notewor- 
thy finding, warranting additional 
study. 

GEORGE M. GoMBos, MD 
Rona APPEL, MD 
Brooklyn, NY 
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sis of subretinal fluid samples. 
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Management of Recurrent Retinal 
Detachment After Silicone Oil 
Injection 





To the Editor.—Recurrent retinal 
detachment is a common occurrence 
following vitrectomy combined with 
silicone oil injection in the treatment 
of proliferative vitreoretinopathy 
(PVR).! This redetachment is most 
often in the inferior retina. Various 
methods of management have been 
advocated, ranging from the injection 
of additional silicone oil (“topping 
off"? to repeated membrane peeling 
with retinotomy.' We report two cases 
of recurrent inferior retinal detach- 
ment following silicone oil injection 
that were successfully managed by 
positioning the patient so that the oil 
bubble blocked an open retinal break, 
allowing additional photocoagulation 
to produce a chorioretinal adhesion. 


Report of Cases.—CASE 1.—A 13-year- 
old boy with high myopia was referred to 
Emory Eye Center, Atlanta, in March 1986, 
with a recurrent retinal detachment with 
PVR in a closed-funnel configuration 
(stage D3). On March 18, 1986, the patient 
underwent lensectomy, vitrectomy, sili- 
cone oil injection, and endophotocoagula- 
tion. One week postoperatively, a recurrent 
inferior retinal detachment with an open 
retinal break was noticed at the 5:30 
meridian. The patient was placed in a 
face-down position. After one week, the 
inferior subretinal fluid had been reab- 
sorbed and the retinal break was treated 
with argon laser photocoagulation. The 
retina remained attached on the buckle 
and posterior to the buckle over the next 
eight weeks, at which time the silicone oil 


was removed from the eye. The retina 
remained attached following the removal 
of silicone oil. 

CASE 2.—A 29-year-old woman devel- 
oped a recurrent retinal detachment with 
PVR following blunt trauma. In June 1984, 
a lensectomy was performed with revision 
of the vitrectomy, endophotocoagulation 
for 360°, and silicone oil injection. The 
retina was initially attached when she was 
seen at a follow-up visit, but two weeks 
postoperatively the inferior retina was 
detached. An open inferior break was not- 
ed and the patient was placed in the face- 
down position for 48 hours. The retina 
flattened and argon laser photocoagulation 
was applied around the break. Oil was 
removed from the eye in October 1984; the 
retina had remained attached one year 
later at a follow-up examination. 


Comment.—Recent reports have 
demonstrated the success of silicone 
oil injection combined with vitreous 
surgical techniques in the treatment 
of PVR,! but reoperation for recurrent 
retinal detachment is frequent. This 
redetachment is often in the inferior 
retina and may be the result of either 
recurrent proliferation or inadequate 
tamponade of open retinal breaks. If 
the recurrent detachment is due to 
recurrent proliferation or inadequate 
membrane segmentation, repeated 
membrane peeling combined with ret- 
inotomy may be necessary. However, 
if the redetachment is due to an open 
retinal break without significant trac- 
tion, successful reattachment should 
only require adequate tamponade of 
the retinal break. In the past, Scott’ 
has advocated the injection of addi- 
tional silicone oil under these condi- 
tions, implying that the inadequate 
tamponade is the result of insufficient 
filling of the vitreous cavity with sili- 
cone oil.” 

Intraocular gas injections were 
introduced to provide internal tam- 
ponade of retinal breaks. Patient posi- 
tioning is used to ensure that the 
bubble is placed over the open retinal 
break to permit reabsorption of sub- 
retinal fluid. Although the high sur- 
face tension of the gas/water inter- 
face makes gas the most effective 
intraocular tampon, the silicone oil/ 
water interface surface tension is 
such that the silicone theoretically 
should be able to seal the retinal 
break. Because silicone oil “floats” in 
the vitrectomized eye, face-down posi- 
tioning is the best way to place the 
bubble in apposition to the inferior 
retina, allowing tamponade of the 
open retinal break. The two cases 
reported herein provide clinical evi- 
dence that positioning the patient so 
that the silicone oil bubble overlies 
the open retinal break can allow 
resorption of subretinal fluid so that 
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the break can be surrounded by photo- 
coagulation. This technique should be 
considered before a “topping off” pro- 
cedure is performed. 
PAUL STERNBERG, JR, MD 
TRAVIS MEREDITH, MD 
Atlanta 


This work was supported in part by a depart- 
mental grant from Research to Prevent Blind- 
ness Inc, New York. 
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Exophytic Suprasellar Glioma: 
A Rare Cause 
of Chiasmatic Compression 





To the Editor.—Childhood suprasellar 
gliomas may behave as benign hamar- 
tomas originating in the chiasm, optic 
tract, or hypothalamus.'* Visual loss 
is caused by infiltration of the visual 
pathways, and surgical extirpation is 
generally not indicated. 

We present a case of childhood 
suprasellar cystic astrocytoma that 
appeared to arise from the hypothala- 
mus, insinuate forward beneath the 
chiasm, and produce progressive 
visual loss by external compression. 
Surgical removal of the tumor 
resulted in virtually complete visual 
recovery. 


Report of a Case.—A 15-year-old boy 
complained of four months of slowly pro- 
gressive visual loss in the right eye. His 
best corrected visual acuity was 20/30 OD 
and 20/25 OS. Both discs were slightly pale 
and examination of the visual field dis- 
closed a bitemporal superior quadranta- 
nopic defect to small targets that 
encroached on fixation in the right eye. 

Skull roentgenograms showed a J- 
shaped sella turcica. A cranial computed 
tomographic scan disclosed a noncalcified 
contrast-enhancing mass in the suprasel- 
lar area (Figure) that probably contained a 
small cystic component. Results of cerebral 
angiography and an endocrinologic evalua- 
tion were normal. 

With the suspicion of a craniopharyngio- 
ma, a right frontal craniotomy was per- 
formed. The intracranial right optic nerve 
and the chiasm were found to be com- 
pressed by underlying tumor. The pitu- 
itary gland was compressed into the sella 
turcica for 3 mm. Anteriorly, the tumor 
was cystic and filled with slightly yellow- 
tinged fluid. Posteriorly, it consisted of 
greenish solid material. A pseudocapsule 
adhered strongly to the undersurfaces of 
the right optic nerve, the chiasm, and the 
hypothalamus. Most of the tumor was 
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Cranial computed tomographic scan demon- 
strating contrast-enhancing mass occupying 
sellar and suprasellar areas. 


removed, although it was uncertain if the 
tumor was completely removed from below 
the hypothalamus, from where it appeared 
to arise. 

Histopathologically, the tumor was a 
juvenile pilocytic astrocytoma. 

Postoperatively, the patient’s visual acu- 
ity was 20/20 OU, and his visual field 
defect disappeared. A repeated cranial 
computed tomographic scan failed to show 
any residual tumor. 


Comment.—In 1976, Bynke et al? 
reported a unique case: an 18-year-old 
boy had bilateral visual loss from a 
suprasellar astrocytic glioma; at sur- 
gery, the tumor was attached by only 
a small pedicle to the medial aspect of 
the intracranial right optic nerve. The 
large exophytic component com- 
pressed the left optic nerve and 
chiasm. Surgical removal of this com- 
ponent resulted in marked bilateral 
visual improvement. Our patient also 
had visual loss from chiasmatic com- 
pression by a predominantly exophy- 
tic glioma. Such an occurrence is very 
rare. We could not find other similar 
reports in the literature. 

It is controversial as to whether 
most childhood suprasellar gliomas 
are hamartomas or true neoplasms.'24 
However, it is clear that in virtually 
all cases visual loss is caused by infil- 
tration of the afferent visual fibers by 
the tumor and that surgery is not 
indicated to improve vision. Our 
patient, like that of Bynke and col- 
leagues) represents an important 
exception: because visual loss was 
caused by compression of an exophy- 
tie (probably hypothalamic) glioma, 
vision recovered almost completely 
following surgery. 


Our patient's case was also charac- 
terized by a cystic component. This 
case serves to emphasize that the neu- 
roradiologic studies should be aimed 
at the detection of exophytic and cys- 
tic components of these tumors. 
Although rare, when these tumors are 
present it is possible that surgery can 
improve vision by their removal. 

JAMES R. CoPPETO, MD 
Waterbury, Conn 


Mario L. R. MONTEIRO, MD 
São Paulo, Brazil 


DEAN F. UPHOFF, MD 
Hartford, Conn 
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Inadvertent Systemic Injection of 
Pilocarpine 





To the Editor.—Pilocarpine is a 
direct-acting parasympathomimetic 
agent that exerts its effects primarily 
on muscarinic receptors. Although 
used only topically, systemically 
absorbed pilocarpine is considered 
safe in doses below 20 mg; 100 mg is 
considered dangerous. The lethal dos- 
age has not been established. 

The symptoms of pilocarpine over- 
dose begin with flushing of the face 
and neck, followed shortly by diapho- 
resis, salivation, nausea, vomiting, 
diarrhea, and pupillary constriction. 
Breathing may be difficult because of 
bronchiolar spasm. In patients with 
preexisting circulatory disturbances, 
pulmonary edema may occur and can 
be fatal.'? 

Only one instance of presumed pilo- 
carpine toxicity via ocular adminis- 
tration of the drug has been reported, 
in which a 75-year-old man received 
an overdose during an attack of acute 
angle closure.’ Herein, we report a 
case of accidental subcutaneous injec- 
tion of a 4% ophthalmic solution of 
pilocarpine. 

Report of a Case.—A 70-kg, 39-year-old 
woman had been followed up in our clinic 
for congenital glaucoma and bilateral pen- 
etrating keratoplasties with extracapsular 
cataract extractions. Her medications 
included 0.5% timolol twice daily in both 
eyes and 500 mg of acetazolamide twice 
daily for glaucoma, 1% prednisolone ace- 
tate daily in both eyes for corneal trans- 
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plants, and mixed allergen shots for aller- 
gic rhinitis. The patient normally kept all 
her medicines in her refrigerator, includ- 
ing an old bottle of 4% pilocarpine, which 
she used until three months before the 
incident. Her husband usually adminis- 
tered her medicatiors, because her visual 
acuity was 20/300 OU. 

On the day of the accident, the patient’s 
sister-in-law admin:stered the allergen 
shot, inadvertentlydrawing up 2 mL of 4% 
pilocarpine (a totabo: 80 mg of pilocarpine) 
in a tuberculin syringe. The pilocarpine 
was injected subcutaneously into the right 
deltoid area. 

The patient immediately experienced 
burning in the area of injection. She 
sweated profusely, salivated excessively, 
and became nauseated, but did not vomit. 
She later developed dry mouth and chills. 
Her breathing was labored, and she felt as 
though her lungs were congested. 

During the following six hours the 
patient urinated six to eight times and had 
three or four watery bowel movements. 
After sleeping six hours, she felt better, 
but still complained of tachypnea. Her 
symptoms slowly abated over the next four 
days. The patient sought medical consulta- 
tion one week later. when she discovered 
the medication errer during a discussion 
with her sister-in- aw. Before that time 
she assumed she had a virus. 


Comment.—Opathalmologists are 
advised to instruct their patients 
thoroughly in th» care, storage, and 
usage of ophthalmic medications, 
because of their high concentration of 
pharmacological agents. Patients 
should be advised to discard all old 
medications, to separate all medica- 
tions according te type, and to admin- 
ister ophthalmic drops topically only. 
Patients need te be warned of the 
hazards of accidental systemic ab- 
sorption of ophthalmic drops. Two 
high-risk groups for accidental ab- 
sorption are patients with children in 
the home and patients with injectable 
medications in the refrigerator, where 
ophthalmic medications also may be 
stored (our patient threw out all of 
her old medieations, including the 
bottle of pilocarpine). 

PETER R. KASTL 
New Orleans 
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Bilateral Microphthalmos With Cyst 
and 13q Deletion Syndrome 





To the Editor.— We herein report a 
case of bilateral microphthalmos with 
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Fig 1. —Two-week-old female infant with small 
palpebral fissures and fullness of lower part of 
eyelids. 








Fig 2.— Computed tomograms. A, Orbits and 
axial plane reveal superiorly displaced small 
globes with relatively large lenses. B, Junction 
between small globes and cysts contains 
mottled radiodense tissue. C, Large cysts fill 
inferior orbits. 


cyst and 13q deletion syndrome, the 
association of which has not been 
described, to our knowledge. 


Report of a Case. —A 2-week-old female 
infant was referred for evaluation of bilat- 
eral microphthalmos. The infant was 
delivered by cesarean section at 35 weeks' 
gestation because of fetal distress. She 
weighed 1520 g. A chromosomal disorder 
was suspected because of multiple congeni- 
tal anomalies, including microcephaly, 
ambiguous genitalia, and bilateral hypo- 
plasia of the thumbs. A karyotype showed 
partial deletion of the long arm of chromo- 
some 13. 

The infant had small palpebral fissures 
bilaterally measuring 12 mm horizontally 
(Fig 1). Corneal diameters were 2 to 3 mm, 
and a bulging mass was evident behind the 
lower part of each eyelid. Computed 
tomography revealed bilateral microph- 
thalmos with cyst (Fig 2). The cysts were 
joined to the globes by a broad isthmus 





Fig 3.—Isthmus (arrows) contains trapped 
retinal and glial tissue. Cyst (C) is lined in part 
by pigment epithelium (hematoxylin-eosin, 
x6). 


that contained radiodense tissue. The 
globes measured less than 12 mm in great- 
est axial length and were displaced superi- 
orly by cysts that filled most of the inferior 
orbits. The right eye and cyst were 
removed to exclude the possibility of reti- 
noblastoma. 

Histologic examination revealed that 
the cyst was lined by pigmented epithelium 
and glial tissue (Fig 3). The isthmus con- 
tained thick collagen and disorganized ret- 
inal and glial tissue. There was no evidence 
of retinoblastoma. 


Comment.—Partial deletion of the 
long arm of chromosome 13 has been 
associated with a variety of severe 
anomalies involving the central ner- 
vous system, facial structures, limbs, 
heart, and genitalia.! There is a well- 
known association between 13q dele- 
tion and the development of retino- 
blastoma.’ 

Microphthalmos with cyst is due to 
incomplete closure of the embryonic 
fissure. In general, it is a unilateral 
defect that occurs in an otherwise 
normal! child; however, bilateral cases 
are often associated with systemic 
anomalies?^  Microphthalmos with 
cyst has not been described in 13q 
deletion syndrome, to our knowledge. 
Computed tomography confirms the 
diagnosis by showing the decreased 
size of the globe and the presence of 
an attached cyst.° 

Avery WEIss, MD 
Curtis E. Marco, MD 
Tampa, Fla 
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eons new E 
etter value.... 


Topcon's tradition of staying one step ahead of the technological advances in diagnostic 
instruments continues with the arrival of the new E Series family of slit lamps. This 
unique product family represents a series of instruments designed to meet your 
specific needs and enhance your professional efficiency. 

The Topcon E Series slit lamps combine modern design and styling with te day's most 
advanced technological features. Features that include, an 
omni-directional joystick that permits all X, Y and Z adjust- 


ments to be made from a single control and improved optical T^ 

coatings that provide excellent color balance and a more 

natural view. What's more, these instruments have been | 
L 


designed uncer the strictest quality control tolerances 
to insure optimum results in any situation. 


JOYSTICK PHOTO: AIl E Series slit 
lamps are equipped with a new omni- 
directional joystick allowing effortless 
three dimensional adjustments from a 
single control, 

CONVERGENT BINOCULARS 
PHOTO: Model 2£ and 6E lamps 
feature Topcon's newly designed con- 
vergent binoculars, integrated with a 
parallel Galilean magnification system. 





Series slit lamps. 
No Tiner instruments. 


The Topcon SL-2E 

offers halogen lamp illumination, three-position magnification and features lopcon's 
newly designed convergent binoculars integrated with parallel Galilean magnitication. 
The result is reduced fatigue during prolonged usage as well as easier image fusion. 


The Topcon SL-3Ẹ 
combines tungsten lighting with two position magnification and four filters. The 
instrument’s illumination column also tilts up to 20° from the observational axis to 
permit horizontal optical sections particularly useful in gonioscopy and funduscopy. 
[he SL-3E offers increased operational ease and total professional 
flexibility in all applications. 


The Topcon SL-6E 
Photo Slit Lamp offers unmatched versatility with 
features like an advanced five-position,built-in magni- 
fication changer with magnifications of 6X, 10X, 10X, 
25X and 40X; newly designed convergent binoculars 
with parallel Galilean magnification and a flip-in/ 
flip-out beam splitter that diverts the lighting to the 
optional camera attachment. The SL-6E is truly a total 
slit lamp system which can utilize any of Topcon's 
(lexible accessories to increase it's potential. Acces- 
sories that include; 35mm, Polaroic or Video photo 
attachments that expand documentation capabilities, 
tonometer, pachometer, measuring eyepiece and 
non-contact specular attachments for a full range of 
diagnostic needs, and an attachable observation tube 
for teaching. 
Whichever model meets your specific needs, 

you can rest assured of the quality tnat made Topcon 
famous. And if you're moving up from one of our 
existing popular D Series lamps, remember that all 
your existing accessories will easily attach to the 
new E Series models. 

Contact your Topcon distributor today and 

learn more about the remarkable new 
E Series slit lamps. 


TOPCON 


. Technology from within 
producing excellence throughout. 


Topcon Instrument Corporation of America, 
65 West Century Road, Paramus, N.]. 07652 (201) 261-9450. 
Western Regional Office: 325 N. Wiget Lane, Walnut Creek, CA 94598 (415) 947-4800. 
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Prosopagnosia— 


The Bald Soprano Syndrome 


MR Martin: How bizarre, curious, strange! Then, madam, we live 
in the same room and we sleep in the same bed. . . . It is perhaps 
there that we have met. 

Mrs MARTIN: ... It is indeed possible that we have met there, and 
perhaps even last night. But I do not recall it, dear sir! 

MR Martin: I have a little girl... she is 2 years old, she's blonde, 
she has a white eye and a red eye, she is very pretty, her name is 
Alice.... 

Mns Martin: What a bizarre coincidence! I, too, have a little girl. 
She is 2 years old, has a white eye and a red eye, she is very 
pretty and her name is Alice, too. ... 

MR Martin: Then, dear lady, I believe that there can be no doubt 
about it, we have seen each other before and you are my own 
wife... Elizabeth. ... 


Prosopagnosia, the profoundly impaired ability to recog- 
nize faces previously familiar, might just as well be called 
the Bald Soprano syndrome. The dialogue excerpted from 
Eugene Ionesco's play typifies the plight of the prosopag- 
nosic patient, doomed to rely exclusively on painstaking 
logic in order to discover a facial identity that a normally 
functioning brain establishes in milliseconds. The condi- 
tion is associated with bilateral lesions of the central 
visual system located in the occipitotemporal region, which 
destroy a specific portion of the visual association cortex 
or disconnect it from limbic structures located anteriorly 
in the temporal lobe. 

Because such patients are capable of recognizing faces 
through other (nonvisual) sensory channels, earlier inves- 
tigations hypothesized on a possible impairment of low 
spatial frequency vision. More recent investigations! using 
electro-oculographic techniques have shown that proso- 
pagnosic patients scan the basic components of a face in 
the same way as controls do (using the same progressive 
order) and devote comparable time to the analysis of its 
individual features. Their descriptions of these features 
show unimpaired visual perception. 

Recent studies carried out by Antonio Damasio, MD, 
PhD,* and others have led to a new understanding of this 
specific condition and postulated an integrated cognitive 
and neural model of normal memory mechanisms in facial 
recognition. Using electrodermal skin conductance 
responses (SCR) as a measure, Tranel and Damasio? 
showed that prosopagnosic patients generate significantly 
larger SCRs to familiar than nonfamiliar faces. Thus, 
although unable to experience recognition of the visual 
stimulus, these patients still complete some primary 
phases at the unconscious level of recognition, for which 
there is an autonomic index. Basic perception appears to 
unfold normally, as do search and gathering of informa- 
tion, but, at a higher level of processing, there is either 
failure to integrate the information into a “meaningful,” 
recognizable pattern or a breakdown in the circuit that 
uses the pattern to activate the pertinent memory. 

“Failure at the top of the cascade,” says Damasio, “does 
not imply failure at more elementary levels. The memory 
of a face is not a static facsimile stored in a single specific 

*Dr Damasio is chairman of the Department of Neurology, University of 


Iowa, Iowa City, and a member of the Editorial Board of the Archives of 
Neurology. 


Michael D. Springer, Section Editor 
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neuronal site and available for retrieval in cybernetic 
fashion. It is rather a dynamic record built on multiple 
exposures and stored at multiple levels bu: especially 
anchored in the visual association cortex." 

The fact that the myriad fragments of the record are 
multiply stored and amenable to "amendment" may 
explain why we recognize familiar faces after long 
absences, despite all the intervening changes brought 
about by age or other modifications of "telling details." If 
memories were indivisible monads, stored in fixed places, 
then changing neuronal activity and new stimuli would 
destroy them. Information is distributed in the brain 
among many neuronal groups in criss-crossing patterns. 
For recognition to occur, there must be constant communi- 
cation back and forth from one neuronal group to another, 
creating "patterns" of categorization, generalization. and 
identification and a synthetic evocation of multimodal 
specific association.’ 

It is in fact intuitively useful to think of memory in the 
same way we do of light: irretrievably dual, corpuscle and 
wave at once. Only a constant traffic and reinforcement of 
waves interfering along many paths, travelling in a>cs— 
the shortest distance between two points in curved space— 
realize it. Exact predictions may have to be abjured in both 
domains, and to find probabilities, one would have to 
calculate and combine an impossibly vast number of such 
radial connections. 

In this perspective, memory as a treasured, intact men- 
tal "souvenir" does not exist. With each process of remem- 
bering we recreate the past (and thus ourselves) since each 
process is an imaginative reconstruction of organized past 
experience, with new contextual associations that alter it 
implacably by recategorization and de novo generzliza- 
tion. 

Why does not recognition work out as in Eugene Iones- 
co's avant-la-lettre description of prosopagnosia, le, by 
logie alone? Damasio* describes a patient who systemati- 
cally "recognized" her husband in any man with hair 
parted in the middle and her daughter in any woman with 
a darkened upper tooth, two salient and verbalizable facial 
features she had memorized as word and sentence descrip- 
tions. In logic, a sufficient definition contains the proximal 
genus plus the specific difference (the “salient feature”). 
Yet no salient feature alone, nor any sum of salient 
features, is sufficient to ensure recognition of uniqueness. 
In fact, Mr and Mrs Martin’s system of deduction collapses 
later in Ionesco’s play when the maid announces that his 
daughter has a white right eye and a red left eye while her 
daughter has the opposite ocular disposition. Thus, in spite 
of extraordinary coincidences that seem to be definitive 
proofs, Mr and Mrs Martin are not, after all, husband and 
wife. 

Correct recognition of unique individuality seems to 
depend not on accumulation of salient information but on 
the unique pattern the perceived combination ean evoke in 
the perceiver’s mind. 

This new work in memory encouragingly reaffirms the 
belief that each individual is unique in that his perceptions 
are in a deep sense his own creations, and his memories— 
his unique re-creations. 

GABRIELA RADULESCU 
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Book Reviews 4 


Edited by Daniel M. Albert, MD 


Progress in Retinal Research, edited by N. N. 
Osborne and G. J. Chader, vol 5, 345 pp, with 
illus, Elmsford, NY, Permagon Press inc, 1986, 
$70. 


The editors of Progress in Retinal 
Research are attempting to provide, 
for basic and clinical scientists, an 
update of advances made in our 
understanding of the normal and dis- 
eased retina. This is the fifth volume 
in the series and, similar to previous 
volumes, it contains a wide spectrum 
of topics ranging from more general 
clinical areas to quite specific bio- 
chemical subjects. The goal of this 
book is to provide an in-depth summa- 
ry of our current knowledge and 
research directions in very specific 
topics, and the authors, who are rec- 
ognized authorities in their fields, 
have accomplished this goal. 

The book is divided into 11 chapters, 
four of which deal with clinically 
related topics, such as retinal aging, 
specific retinal antigens and their 
immunologic responses, the genetics 
and immunology of retinoblastoma, 
and the plasticity of the retinal vascu- 
lature. Two chapters are concerned 
with possible neurotransmitters, 
namely, gamma-aminobutyric acid 
(GABA) and taurine, and two other 
chapters review the function of hori- 
zontal cells. Another. chapter dis- 
cusses dopamine as a neurotransmit- 
ter, particularly in relation to the 


horizontal cell. One of the great 


advances in retinal physiology in the 
past several years has been the isola- 
tion and functional studies of single 
retinal cells, and a chapter has been 
devoted to this subject. The final 
chapter is a review of the biochemis- 
try of lipids in the retina, particularly 
as related to cell membrane physi- 
ology. 

Most of the chapters are well writ- 
ten, contain numerous and generally 
high-quality illustrations, and pro- 
vide thorough references of the topics 
presented. As is to be expected in a 
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review book of this nature, innovative 
and new material is lacking. Several 
of the chapters have somewhat opin- 
ionated viewpoints, and one of the 
chapters, while including the appro- 
priate references, lacks cohesion and 


* ..innovative and new materi- 


al is lacking....[but] quite wel- 
come as a handy reference source 
for retinal researchers." 


appears to ramble, suggesting that 


the author is not very familiar with 
the topic. Finally—and this is not a 
criticism of this specific book but of 
review books in general —the material 
tends to be less than current. 

This book (and the series of which it 
is a part) accomplishes the goals set 
for itself. The editors have selected 
recognized authorities to provide 
reviews of retinal research topics. The 
field of retinal research has grown so 
diversified that such reviews are quite 
welcome as a handy reference source 
for retinal researchers. Because of the 
esoteric nature of some of the topics, 
the book will have limited appeal to 
clinicians. Nonetheless, it should find 
a place in most libraries and be seen 
as a welcome addition by the visual 
science community. 

JOHN J. WEITER, MD 
Boston 


Making Choices: Ethics Issues for Health 
Care Professionals, edited by Emily Friedman, 234 
pp, Chicago, American Publishing Inc, 1986, $24.50 
for members of the American Hospital Association, 
$29.95 for nonmembers. 


How much money should we spend 
on health care as opposed to other 
worldly goods? If we spend money on 
health care, how much should be put 
into preventive medicine and how 
much into acute care (rescue medi- 
cine)? How should we allocate or 
ration these expensive new medical 
technologies, and who should decide? 


What are the limits of medical inter- 
vention? What responsibilities do hos- 
pitals have, and what rights do 
patients claim with respect to inva- 
sive therapies? These are but a few of 
the many questions entertained in a 
new book published by the American 
Hospital Association. 

Medical ethics books generally fall 
into two categories: (1) texts written 
by a limited number of authors tend 
to be coherent and readable but nar- 
row in scope and (2) edited antholo- 
gies of previously published manu- 
scripts by multiple authors that tend 
to be comprehensive and historical 
but varied in style and content. Mak- 
ing Choices: Ethics Issues for Health 
Care Professionals à an edited 
anthology of 27 articles, all but four of 
which have previously appeared in 
such publications as the New England 
Journal of Medicine, Journal of the 
American Medical Association, An- 
nals of Internal Medicine, and Has- 
tings Center Report. Most of the 
papers in this antholegy have been 
published since 1984. However, sever- 
al classic articles from the 1970s and 
1980s by such authors as Childress, 
Caplan, Kass, and Anmas have also 
been included in this text. Many of 
these landmark articles appear in oth- 
er published anthologies as well. The 
strength of this anthology lies in the 
specific selection of other recent 
papers that have yet to appear in 
other published texts. 

Emily Friedman, the editor of this 
collection, has been a contributing 
editor and writer to many health- 
related journals as well as program 
analyst for a project on community 
programs for affordable health care. 
Thus, she is familiar with both the 
practical and theoretieal health care 
ethics literature. Ms Friedman notes 
in her preface that the goal of this 
text is to “guide policy development 
and decision making in the health 
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care institution.” This broad and per- 
haps overly ambitious goal is at least 
partially realized. The text is primari- 
ly limited to the ethical questions of 
social justice, such as the microalloca- 
tion and macroalloeation of scarce 
medical resources, and the ethical 
questions surrounding autonomy, pa- 
ternalism, and patients’ rights. These 
two areas contain complex and press- 
ing dilemmas as society attempts to 
balance its interests with those of 
institutions, professionals, families, 
and patients. 

The book is divided into four parts, 
with each section containing approxi- 
mately seven articles. Part 1, “The 
Hospital Within Society: Theory,” 
contains several excellent review arti- 
cles concerned with distributive jus- 
tice. It also includes material from the 
President’s Commission for the Study 
of Ethical Problems in Medicine and 
Biomedical and Behavioral Research. 
Part 2, “The Hospital Within Society: 
Practice,” is concerned with the 
microallocation of scarce resources 
such as transplants, dialysis, and 
intensive care. Part 3, “The Patient 
Within the Hospital: Theory,” covers 
problems associated with autonomy 
and paternalism. It also contains 
excellent review articles on the grow- 
ing Institutional Ethics Committee 
movement. Finally, Part 4, “The 
Patient Within the Hospital: Prac- 
tice,” addresses the specific issues 
surrounding patients’ rights to refuse 
medical intervention and the medical 
community’s responsibility to those 
patients. 


*... ample introduction to ethi- 
cal and policy questions facing the 
health care profession." 


Although this book does contain 
many superbly written landmark arti- 
cles, there are several editorial defi- 
ciencies that, if they had been cor- 
rected, would have made the text 
more accessible and readable. First, 
there is no general introduction to the 
nature, history, and substance of nor- 
mative medical ethies. Such material 
would have introduced the uninitiated 
reader to the structure and methodol- 
ogy of medical ethies within the 
broader context of society and the 
health care profession. Second, 
although each part of the text has a 
brief one-page editorial introduction, 
a more extensive analysis of the 
strengths, weaknesses, and controver- 
sies surrounding the articles to follow 
would have given the text a more 
unified approach. Finally, there is no 
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concluding editorial commentary re- 
viewing or summarizing the path 
along which the reader has traveled, 
nor is there a prediction of future 
dilemmas and areas of controversy. 
Despite this paucity of editorial 
commentary, Making Choices: Ethics 
Issues for Health Care Professionals 
is a superb collection of timely and 
definitive articles well worth careful 
reading. The text serves as ample 
introduction to ethical and policy 
questions facing the health care pro- 
fession. This anthology would also 
serve as a companion volume for one 
of the more general medical ethics 
texts with limited authorship. Finally, 
the collected readings would serve as 
an excellent syllabus for introductory 
courses taught in schools of medicine 
and public health. 
MICHAEL A. GRODIN, MD 
Boston 


Geriatric Ophthalmology, edited by Marvin L. 
Kwitko and Frank J. Weinstock, 465 pp, Orlando, 
Fla, Grune & Stratton, 1985, $49.50. 


The growing proportion of elderly 
patients has engendered a heightened 
awareness of their specific emotional 
and medical needs. The desire of per- 
sons in this growing segment of the 
population to improve their quality of 
life and meet those "golden years" 
with dignity and greater enjoyment 
has become increasingly important to 
the health care field. Maintenance of 
adequate vision commensurate with 
these patients' needs is becoming a 
larger role for the ophthalmologist 
and a host of health care specialists. 

Geriatric Ophthalmology draws on 
the ample experience of the editors 
and 25 other outstanding contributors 
to summarize current knowledge 
about the emotional impact on visual- 
ly impaired persons and to review the 
current clinical information about the 
more common ophthalmologic prob- 
lems of the older age group. The latest 
medical and surgical approaches to 
these problems are covered in a gener- 
al way, which is adequate for allied 
health care professionals. The com- 
plexity and variety of patients' emo- 
tional responses to decreasing vision 
are well covered in the first section. 
The authors emphasize that an under- 
standing of the reasons for these var- 
ied responses is helpful in the man- 
agement of these patients' sensory 
impairment. 

A chapter on nursing care for aged 
surgical patients provides an excellent 
perspective on the preoperative evalu- 
ation and management of their spe- 
cial problems. The role of the nurse in 
helping to achieve a successful surgi- 


cal outeome strikes a resonant chord 
with this reader. 

Elderly patients are more likely to 
exhibit untoward side effects or drug 
interactions because of their altered 
metabolism; therefore, pharmacologi- 
cal aspects of the local and systemic 
drugs used must be carefully consid- 
ered. A collateral section covers the 
anesthetic management of this group 
and makes the point that the differ- 
ence between anesthesia for the elder- 


"... draws on the ample experi- 


ence of the editors and 25 other 
outstanding contributors to sum- 
marize current knowledge..." 


ly and for the younger patient is qual- 
itative rather than quantitative. 

Examination of the often debili- 
tated elderly patient presents certain 
challenges not seen in the younger age 
group, and knowledge of tests aporo- 
priate to these patients level of 
responses is imperative. The role of 
low-vision corrections is approached 
by two authors, who cover this impor- 
tant aspect of assisting the partially 
sighted senior citizen in maintaining 
his or her accustomed lifestyle. 

All in all, this compilation of cur- 
rent knowledge about geriatric oph- 
thalmology is a worthwhile addition 
to the library of the physician or 
health care professional who will use 
it as a handy reference or for more 
in-depth study of the specific manage- 
ment of visual problems in the elder- 
ly. 

BYRON S. LINGEMAN, MD 
Wellesley Hills, Mass 


Fine Needle Aspiration for the Clinician, by 
Joseph Linsk and Sixten Franzen, 339 pp, with illus, 
Philadelphia, JB Lippincott, 1986, $39.50. 


Joseph A. Linsk and Sixten Frarzen 
have written a book that conveys their 
belief that fine-needle aspira-ion 
biopsy (FNAB) can be a powerful clin- 
ical tool. This technique is gairing 
acceptance as a means ef rapidly 
obtaining a tissue diagnosis in a vari- 
ety of specialties, but only a few 
opthalmologists have used FNAB in 
their clinical practice. A number of 
questions concerning FNAB need to 
be answered before this technique can 
be considered part of the routine prac- 
tice of ophthalmology. These include 
the following: (1) How is the proce- 
dure done? (2) How should the speci- 
men be prepared? (3) When should the 
procedure be done? (4) How safe is the 
procedure? (5) When will the prcce- 
dure provide the appropriate diagno- 
sis or information needed? The 
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strength of this book is in the han- 
dling of questions 1 and 2. For oph- 
thalmologists, the handling of the last 
three questions is inadequate. 

The authors’ discussion of the use of 
FNAB inophthalmology occupies only 
two pages. There is no discussion of 
the use of FNAB for intraocular 
tumors. The discussion of lacrimal 
gland tumors consists of three sen- 
tences: 


Bilateral enlargement of the lacrimal 
glands is usually part of a recognized syn- 
drome, such as sarcoidosis. This can be 
easily confirmed with fine-needle aspira- 
tion. Aspiration is also an excellent tech- 
nique for diagnosing a unilateral lacrimal 
enlargement. 


These sentences indicate the authors’ 
enthusiasm but provide no informa- 
tion for the inquiring reader. 

The major questions most ophthal- 
mologists will have regard tumor dis- 
semination, both locally along the 
needle track and distantly via hema- 
togenous and lymphatic spread as a 
result of manipulation of the tumor 
during the aspiration procedure. 


News and Comment 


Officers Announced.—The North 
Carolina Society of Ophthalmology 
Inc has announced that Kenneth L. 
Cohen, MD, Associate Professor of 
Ophthalmology at the University of 
North Carolina at Chapel Hill School 
of Medicine, is its new president. The 


Obituaries 


BENTON, Eric C., 87; Chicago, Ill; 
Martin Luther University, Halle, East 
Germany, 1925; died Sept 9, 1986. 


KENNEDY, Roscoe J., 82; Shaker 
Heights, Ohio; University of Iowa, 
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Although the development of a tumor 
at the site of puncture is a rare event, 
it has occurred. The authors make the 
interesting point that, in most cases, 
aspiration of a malignant tumor is 
followed by surgical or radiation ther- 
apy that includes the needle track. 
This would not be the case in the use 
of FNAB to establish the diagnosis of 
choroidal tumors prior to plaque ther- 
apy. I feel that differences in tech- 
nique or anatomy make it difficult to 
generalize from one organ system to 


“In addition to the lack of infor- 
mation relevant to ophthalmolo- 
gy, the book contains numerous 
errors.” 


another. Although the authors state 
that several studies have been con- 
ducted that firmly dispel the concern 
that manipulation of the tumor dur- 
ing FNAB disseminates the neoplasm, 
the eye is not the same as the kidney. 
It should be the first goal of ophthal- 
mologists who undertake fine-needle 


president-elect is William A. Shearin, 
MD, of Raleigh, the vice-president is 
James L. Kesler, MD, of Wilmington, 
and the secretary-treasurer is John 
W. Reed, MD, of Winston-Salem. 


Award Announced.—The Illinois So- 
ciety for the Prevention of Blindness 
has announced that the 1986 recipient 
of the Derrick Vail Award will be 
Edward W. D. Norton, MD, professor 


1931; residency, Buffalo General Hos- 
pital, 1934; died Oct 3, 1986. 


REED, Paul Henry, 84; Los Angeles, 
Calif; Rush Medical College of Rush 
University, Chicago, Ill, 1929; residen- 
cy, University of Illinois Hospital- 
Taylor Unit, 1934; certified by the 
American Board of Ophthalmology; 
died May 12, 1986. 


aspiration to demonstrate that the 
procedure is safe in the eye and 
adnexa. 

I cannot recommend this book for 
the ophthalmologist. In addition to 
the lack of information relevant to 
ophthalmology, the book contains 
numerous errors. These range from 
typographical errors to errors of fact. 
For example, neuroblastoma is in- 
cluded in a table under the heading 
"Malignant Lymphoreticular Disor- 
ders." In discussing a case of meta- 
static breast carcinoma to the orbit, 
the authors inappropriately use "eye" 
as a synonym for "orbit." In discus- 
sing the salivary gland, the authors 
state that “adenoid cystic carcinoma 
has been divided into solid (better 
prognosis) and trabecular or cribri- 
form (poorer prognosis) types.” Sever- 
al references, including the two 
acknowledged by the authors, indicate 
that the solid type has the poorer 
prognosis in both the salivary and 
lacrimal glands. 

COL IAN W. McLean, MC, USA 
Washington, DC 


and chairman, Department of Oph- 
thalmology, Bascom Palmer Eye 
Institute, Miami. Previous award win- 
ners have been Arnall Patz, MD, in 
1981, and David G. Cogan, MD, in 
1976. The award is given in the name 
of Dr Vail, who was vice president and 
a member of the board of directors of 
the Illinois Society for the Prevention 
of Blindness for 28 years until his 
death in April 1973. 


RITCHEY, Charles Leroy, 51; Hay- 
ward, Calif; University of Oklahoma 
College of Medicine, 1959; residency, 
Highland General Hospital, 1963; cer- 
tified by the American Board of Oph- 
thalmology; died Aug 6, 1986. 


SMITH, Arthur C., 97; Elmira, NY; 


George Washington University School 
of Medicine, 1911; died May 29, 1986. 
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Editorials - . 


Radial Keratotomy in the United States 


Where Are We Six Years Later? 


Are learning about radial keratotomy in October 
1978, my colleagues and I began to evaluate the 
acute’® and chronic: morphologic features of ani- 
mal and human pathologic specimens. I participated 
in the drafting of the Prospective Evaluation of 
Radial Keratotemy (PERK) study, and in 1983 began 
performing radial keratotomy, which I still perform 
today. I have decumented the complications that can 
occur with keratotomy procedures.*! In addition, I 
have had the honor of reviewing this subject for the 
ARCHIVES in 1984? and as the Berens Memorial 
Lecturer for the Contact Lens Association of Oph- 
thalmolegists.” 





See also pp 42, 76, 81, and 86. 





In my opinion, all published studies have demon- 
strated that the operation can reduce myopia and 
improve uncorrected visual acuity. However, varia- 
tion in surgical design and nonuniform reporting of 
results have made it difficult to compare studies. For 
example, all of the major clinical reports, with the 
exception of the PERK study,‘ have applied multiple 
surgical techniques, whereas the PERK study used a 
single surgical procedure (three optical zones and 
eight incisions) performed by many surgeons. Table 
1 shows that nene of the studies, including the PERK 
study, has reported the results of all procedures, 
because of breaks in study protocol or because of 
dropout of patients. Previous studies, with the excep- 
tion of the PERK study, have had a “double-dose 
effect” by reporting the results of both eyes of 
patients. The imclusion of overresponding (or under- 
responding) eyes could “contaminate” the results. 
Although the effect of a dilated pupil on visual acuity 
after radial keratotomy has only recently been eval- 
uated, some studies, such as the one reported by 
Santos and colleagues” in this issue of the ARCHIVES, 
have used cycloplegic refractions. Other studies have 
used postoperative topical glucosteroids, and still 
others have employed reoperations that have been 
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included in the results. Nevertheless, we can reason- 
ably conclude that radial keratotomy is capable of 
reducing about 1 to 6 diopters of myopia when four to 
16 semiradial incisions and optical zones greater 
than 3 mm in diameter are used." 

How predictable is radial keratotomy? Table 1 
summarizes the current, long-term analysis of five 
different radial keratotomy studies. The percentage 
of eyes within 1 D of emmetropia and the percentage 
of eyes achieving at least 20/40 uncorrected visual 
acuity are derived from groups of eyes and therefore 
cannot predict individual ocular results. Predictabil- 
ity could be expressed as the difference between the 
actual reduction in myopia and the predicted change 
(within 1 or 2 D) or by the 90% confidence interval, a 
range of refractive change within which 90% of 
comparable eyes would be expected to fall, as re- 
ported by Lynn and coworkers” in this issue of the 
ARCHIVES. At present, most surgeons use one optical 
clear zone and four to 16 semiradial incisions, the 
number of which depends largely on the patient's age 
and degree of myopia. The surgeon may make this 
determination based on his or her clinical experience 
or, more likely, will use a nomogram or a computer 
program.” Unfortunately, nomograms and regres- 
sion formulas that use the R? value to demonstrate 
predictability of a regression formula do not permit 
prediction of an individual surgical outcome.” As 
Lynn and coworkers? point out, the E? value does not 
indicate how precisely a clinical outcome can be 
predicted; all it measures is the suitability of a given 
regression equation. 

To develop a predictive model, Lynn and cowork- 
ers? analyzed the 90% confidence interval for 
patients who received 3, 3.5, or 4.0 mm optical zones. 
This interval was 2.49 D for the 4 mm optical zone, 
compared with 4.12 D for the 3 mm optical zone. 
Using a regression equation consisting of size of 
optical zone, age, and achieved incision depth, they 
further calculated the difference between the actual 
change in refraction and the predicted change to be 1 
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Arrowsmith 
and Marks15 


Emmetropia + 1.0 D, 96 
Hyperopia » 1.0 D, 96 29 
Continued effect 


Table 1.—Comparison of Results of Radial Keratotomy Studies 


Sawelson and 
Marks '® 


51 61 58 47 50 


Yes Yes Yes Yes Yes 






* > 
1 * 








Deitz and 
Sanders !? 


Waring et al 
(PERK)'? 


Sawelson and 
Marks!9 








12 16 37 12 





*PERK indicates Prospective Evaluation of Radial Keratotomy Study; NR, not reported; and D, diopter. Results represent individuals of different 
ages with a wide range of preoperative myopia and do not predict individual outcomes. 





Table 2.—Unanswered Questions Regarding 
Radial Keratotomy 







What are the best indications for radial keratotomy? 

What percentage of eyes are able to achieve functional vision 
without spectacles or contact lenses? 

What is the duration of refractive instability? 

What is the risk /benefit ratio of deepening incisions and 
reoperations? 

How do we standardize the recording of results following radial 
keratotomy? 

How can we determine safe incision depths? 

Can corneal wound healing be effectively controlled with 
drugs? 

What are the recommended approaches for treating the 
overcorrected patient? 

What is the predicted vs the actual change in refraction? 

How do current astigmatic keratotomy techniques compare 
with radial keratotomy? 

How can we improve the predictability of radial keratotomy? 


















D or less for 69% of the eyes and 2 D or less for 95% 
of the eyes. Since this study represents the surgical 
results of many surgeons, these numbers cannot be 
used to provide predictability data for individual 
patients. Although the PERK workers are finally 
beginning to make sense out of the radial keratotomy 
procedure, they have taken us only halfway. Individ- 
ual surgeons will need to analyze the results of a 
given operation for a fixed range of myopia and age; 
for example, a 3 mm optical zone with eight incisions 
in individuals 30 to 35 years of age with myopia of, 
say, —2 D to —5 D. Even 90% confidence intervals of 
these specific procedures would be predictable only 
for that individual surgeon's patients. 

When radial keratotomy was introduced, oper- 
ated-on corneas were expected to stabilize within 
three to six months after surgery. Reports of contin- 
ual change in refractive error have now been docu- 
mented to occur 3.5 years after surgery.'^5 In the 
PERK study," 52 eyes were examined 3.5 years after 
surgery, and the results, which were based on differ- 
ences between morning and evening measurements, 
are as follows: a —0.5-D increase in refraction, 31% 
of the eyes; a —0.5-D decrease in refraction, 6%; 
decreased uncorrected visual acuity, 19%; increased 
visual acuity, 2%; and steeper corneal curvatures, 
2975. In 1985, Deitz and Sanders? reported that 25 
(31% ) of 81 eyes examined between 31 and 57 months 
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postoperatively were more hyperopic than when they 
were examined between eight and 18 months after 
surgery. This change, initially termed progressive 
hyperopia, represents a continued effect of the oper- 
ation. In this issue of the ARCHIVES," and in a recent 
report,” Sawelson and Marks found no clear pattern 
of increasing hyperopia or myopia, but they did 
report a small trend toward continued corneal flat- 
tening. Also in this issue of the ARCHIVES, Arrow- 
smith and Marks" report an increase in the mean 
spherical equivalent of operated-on eyes between one 
and two years postoperatively, as well as a continued 
flattening of the cornea. They, too, conciuded that 
the operation was not stable for at least two years 
after surgery. 

The question of safety can be addressed by looking 
at the percentage of patients who retain their preop- 
erative best corrected visual acuity. As reported in 
the one-year analysis of the PERK study," 0.7% 
(three eyes) of the eyes could not be corrected to 
their baseline visual acuity. Sawelson and Marks% 
reported that 90% of the eyes in their study could be 
corrected to 20/20 one year following surgery, but 
this percentage decreased to 82% at three years" and 
to 55% at five years.? In contrast, Arrowsmith and 
Marks? report no difference in best corrected dis- 
tance acuity between one and two years after sur- 
gery. The mechanism for the loss of visual acuity in 
some reports is unclear at this time. 

Other vision-threatening complications that have 
been reported include bacterial endophthalmitis, 
cataract formation, microbial keratitis,? and epithe- 
lial ingrowth." Some of these complications, as well 
as the diurnal change in refraction and visual zcu- 
ity," are probably associated with abnormalities in 
corneal wound healing that occur following radial 
keratotomy.' After analyzing cases of corneal trans- 
plantation following radial or astigmatic keratot- 
omy,?^" I have concluded that the likelihood of 
adversely affecting visual acuity permanently 
increases with the use of (1) a surgical procedure 
using a decentered optical zone, (2) more than 16 
semiradial incisions, (3) crossing incisions, and (4) 
multiple, repeated procedures, regardless of the 
long-term application of topical glucocorticoids. 

Even though we have progressed in our under- 
standing of radial keratotomy and corneal wound 
healing, there are still many unanswered questions. 
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Previously held tenets have turned out to be incor- 
rect after careful study. For example, we initially 
thought that steeper corneas achieved greater cor- 
rections, but quantitative analysis of keratographs 
reported by Rowsey and coworkers" suggest that a 
flat, prolate cornea obtains the best results. Table 2 
presents a list of questions about radial keratotomy 
that still need to be answered. 

A picture of radial keratotomy is developing that 
suggests that patients with myopia of greater than 6 
D and/or those that receive deepening incisions or 
repeated operations have the most unstable visual 
results, whereas those with fewer incisions or larger 
optical zones have more stable results and fewer 
overcorrections.? To predict safe and satisfactory 
outcomes of radial keratotomy, it is important to 
continue our observation of patients who underwent 
surgery in the early 1980s. We will also need to focus 
our attention on smaller subgroups treated by indi- 
vidual surgeons using a crystalline blade (in which 
the depth was set using ultrasonic pachymetry) 
optical zone sizes greater than 3 mm, and fewer than 
16 semiradial incisions. Nevertheless, after six years 
of experience with radial keratotomy in the United 
States, I conclude that the procedure can provide 
properly informed patients with satisfactory out- 
come when a standard surgical procedure is applied. 
(For a more complete review of the radial keratot- 
omy procedure, the reader is referred to Binder" 
and Waring."?) 

PERRY S. BINDER, MD 
La Jolla, Calif 


This review was supported in part by grants from the San Diego 
Eye Foundation and the National Eye Institute. 


References 


1. Binder PS, Wickham MG, Zavala EY, et al: Corneal anatomy 
and wound healing, in Barrquer JI, Binder PS, Buxton JN, et al 
(eds): Symposium on Medical and Surgical Diseases of the Cornea. 
St Louis, CV Mosby Co, 1980, pp 1-33. 

2. Akers PH, Binder PS: Laboratory evaluation of radial kera- 
totomy, abstracted. Invest Ophthalmol Vis Sci 1981;20:169. 

3. Grossman KR, Zavala EY, Deg JK, et al: Acute optical and 
morphological features of radial keratotomy, abstracted. Invest 
Ophthalmol Vis Sci 1982;22:239. 

4. Binder PS, Stainer GA, Zavala EY, et al: Acute morphologic 
features of radial keratotomy. Arch Ophthalmol 1983;101:1113- 
1115. 

5. Franks JB, Binder PS: Keratotomy procedures for the correc- 
tion of astigmatism. J Refractive Surg 1985;1:11-17. 

6. Stainer-GA, Shaw EL, Binder PS, et al: Histopathology of a 
case of radial keratotomy. Arch Ophthalmol 1982;100:1473-1477. 

7. Deg JK, Zavala EY, Binder PS: Delayed corneal wound 
healing following radial keratotomy. Ophthalmology 1985;92: 


Arch Ophthaimol— Voi 105, Jan 1987 


734-740. 

8. Binder PS, Nayak SK, Deg JK, et al: Long-term wound 
healing after radial keratotomy: An ultrastructural and histo- 
chemical study. Am J Ophthalmol, in press. 

9. Stainer GA, Binder PS: Vitreous wick syndrome following a 
corneal relaxing incision. Ophthalmic Surg 1981;12:567-570. 

10. Binder PS: Optical problems following refractive surgery. 
Ophthalmology 1986;93:739-745. 

11. Binder PS: Presumed epithelial ingrowth following radial 
keratotomy. CLAO J 1986;12:247-250. 

12. Binder PS: The status of radial keratotomy in 1984. Arch 
Ophthalmol 1984;102:1601-1603. 

13. Binder PS: Refractive surgery: Its current status and its 
future. CLAO J 1985;11:358-375. 

14. Waring GO III, Lynn MJ, Gelender H, et al: Results of the 
Prospective Evaluation of Radial Keratotomy (PERK) study one 
year after surgery. Ophthalmology 1985;92:177-198. 

15. Arrowsmith PN, Marks RG: Visual, refractive, and kera- 
tometric results of radial keratotomy: A two-year follow-up. Arch 
Ophthalmol 1987;105:76-80. 

16. Sawelson H, Marks RG: Three-year results of radial kera- 
totomy. Arch Ophthalmol 1987,105:81-85. 

17. Waring GO III, Lynn MH, Mandelbaum §, et al: Results of 
the Prospective Evaluation of Radial Keratotomy (PERK) study 
three years after surgery. Ophthalmology 1986;93tsuppl):94. 

18. Deitz MR, Sanders DR: Progressive hyperopia with long- 
term follow-up of radial keratotomy. Arch Ophthalmol 1985; 
103:782-784. 

19. Sawelson HR, Marks RG: Five-year follow-up of radial 
keratotomy. Ophthalmology 1986;93(suppl):94. 

20. Santos VR, Waring GO III, Lynn MJ, et al: Relationship 
between refractive error and visual acuity in the prospective 
evaluation of radial keratotomy (PERK) study. Arch Ophthalmol 
1987;105:86-92. 

21. Lynn MJ, Waring GO III, Sperduto RD, et al: Factors 
affecting outcome and predictability of radial keratotomy in the 
PERK study. Arch Ophthalmol 1987;105:42-51. 

22. Salz JJ: A consumer’s guide to radial keratotomy predictive 
software. J Refractive Surg 1985;1:60-67. 

23. Arrowsmith PN, Marks RG: Evaluating the predictability of 
radial keratotomy. Ophthalmology 1985;92:331-338. 

24. Sawelson HR, Marks RG: Two-year results of radial kera- 
totomy. Arch Ophthalmol 1985;103:505-510. 

25. Wilhelmus KR, Hamburg S: Bacterial keratitis following 
radial keratotomy. Cornea 1983;2:143-146. 

26. Schanzlin DJ, Santos VR, Waring GO III, et al: Diurnal 
change in refraction, corneal curvature, visual acuity and intra- 
ocular pressure after radial keratotomy in the PERK study. 
Ophthalmology 1986;93:167-175. 

27. Deg JR, Binder PS: Wound healing: Astigmatic keratotomy 
following keratoplasty in human eyes. Ophthalmology 
1986;93(suppl):112. 

28. Rowsey JJ, Gelender H, Krachmer JH, et al: PERK corneal 
topography predicts refractive results in radial keratotomy. Oph- 
thalmology 1986;93(suppl):94. 

29. Salz JJ, Villaseñor RA, Elander R, et al: Four-incision radial 
keratotomy for low-to-moderate myopia. Ophihalmology 1986; 
93:727-728. 

30. Waring GO III: The changing status of radial keratotomy 
for myopia: Part I. J Refractive Surg 1985;1:81-86. 

31. Waring GO III: The changing status of radial keratotomy 
for myopia: Part II. J Refractive Surg 1985;1:119-137. 


Editorials 39 


‘No Statistically Significant Difference’ 


So What? 


I many scientific communications, we are con- 

fronted with data showing “no statistically sig- 
nificant difference" between two groups (popula- 
tions) with respect to a certain variable. The authors 
often conclude that the two groups are not different 
regarding that variable. Such a conclusion is not 
warranted without an indication of the power of the 
statistical test to detect a clinically important differ- 
ence. In reality, the two groups referred to almost 
certainly are at least minutely different. However, 
whether or not the difference will lead to a statisti- 
cally significant difference between samples in the 
study depends on the following: (1) the variability of 
the variable in the population (which can be esti- 
mated using the standard deviation of the same or 
similar data), (2) the sample size (the number of 
independent subjects or data points in the samples 
from each group), and (3) the chosen level of signifi- 
cance (the probability that any difference found 
could have occurred by chance when, in reality, no 
difference existed; the level usually chosen for scien- 
tific studies is 0.05%, ie, a=.05). Knowing the 
foregoing three items, one can caleulate the chance, 
or power, that the study has of finding a statistically 
significant difference for any specified "true," or 
"real," difference between the groups. 

Suppose that an investigator wishes to know if a 
new type of laser trabeculoplasty lowers the intra- 
ocular pressure more than does argon laser trabecu- 
loplasty (ALT). He studies two comparable samples 
of five patients each, with one sample undergoing 
each procedure. Suppose further that the SD of the 
mean decrease in intraocular pressure for such 
patients is 5 mm Hg and that the investigator uses 
.05 as the level of significance. He finds that the 
decrease in pressure in the sample of patients using 
the new treatment is not significantly greater than 
in the ALT sample, and he concludes that the new 
type of laser trabeculoplasty is not more effective 
than ALT in lowering intraocular pressure. This 
conclusion is not justified because of the weak power 
of the study to detect as statistically significant 
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anything other than very large differences. Using 
the methods and tables of Lachin,! one can calculate 
that, if the true average difference in pressure- 
lowering effect between the two groups were as large 
as 4 mm Hg, which certainly is clinically important, 
the study would have only a 35% chance (35% power) 
of finding a statistically significant difference. That 
is, if 100 similar studies were conducted and the true 
difference were 4 mm Hg, only 35 of the studies 
would find a statistically significant difference, 
although, by our definition, a clinically important 
difference actually existed. Thus, the one study actu- 
ally performed and submitted for publication would 
be likely (65% chance) to show “no statistically 
significant difference" between the groups and 
would therefore be misleading. Notice that the mag- 
nitude of the difference found with this small sample 
size is a relatively crude estimate of the real differ- 
ence and of minor importance except for its lack of 
statistical significance. These same methods and 
tables allow one to determine that a study such as 
this would achieve 90% power only if the true 
average difference were at least 10 mm Hg. 

Editors should be reluctant to accept studies in 
which the main finding is a negative one (no statis- 
tically significant difference) unless the manuscript 
includes an analysis of statistical power so that the 
reader will know the real significance of the negative 
finding.’ To do otherwise is to discourage innovation 
because further work with a new therapy or tech- 
nique is unlikely if investigators believe, based on an 
inadequate trial, that the new method does not 
surpass the old. This situation is not unusual; Frei- 
man et al? found that 67 of 71 recent clinical trials 
that showed a negative result had inadequate power 
to detect à moderate (2595) therapeutic improve- 
ment. The hypothetical study described above, if 
published with its unjustified conclusions, would be 
meaningless and misleading because the new thera- 
py would not have had an adequate trial. 

Investigators can avoid this expensive and embar- 
rassing waste of effort by estimating before a study 
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begins the sample size neeessary to detect with 
reasonable power (80% to 90% ) a real difference that 
they consider to be clinically important. To do so, 
they need to specify the level of significance and to 
estimate the variance of the variable that they plan 
to measure within the population to be studied; a 
reasonable estimate can usually be obtained from 
published studies or preliminary data. For example, 
in the hypothetical study described above, the inves- 
tigators might decide that 4 mm Hg is the minimal 
clinically relevant difference, as described by 
Lachin.! That is, if the new type of laser trabeculo- 
plasty decreases the intraocular pressure by at least 
4 mm Hg more than ALT does, then they would 
consider the new method more efficacious. From 
published studies, they obtain an SD of 5 mm Hg for 
the postoperative decreases in intraocular pressure. 
Using Lachin's tables, they can estimate that they 
will need to study a total of 54 patients (27 in each 
group) to have 90% power of being significant when 
there is a real difference of 4 mm Hg or more, ie, for 
the probability to be 90% that the new procedure 
does not lower the intraocular pressure at least 4 mm 
Hg more than ALT does if no statistically significant 
difference is found (one-sided, a = .05). If the inves- 
tigators do not study this many patients, they should 
be prepared for possible rejection of the manuscript 
for publication on a statistical basis unless adequate 
justification, which includes a discussion of statisti- 
cal power, is given. 

In addition to discouraging innovation by failing 
to demonstrate that a superior new technique is 
better, negative studies with inadequate statistical 
power can also lead to the acceptance of an inferior 
new technique by failing to show that it is worse. 
Investigators studying an inferior new method using 
an inadequate sample size will predictably obtain 
statistically insignificant results, suggesting that 
the new method is equivalent to the standard meth- 
od, even though the new method is, in reality, 
inferior. Editors have a responsibility to avoid publi- 
cation of such misleading information. 

Additional useful information about the meaning 
of a difference, whether statistically significant or 


not, is given by a confidence interval for the true 
difference.‘ Such an interval is calculated from the 
difference actually observed in a study, using a 
process designed to produce a range of values with a 
specified, a priori probability of encompassing the 
true difference. This interval necessarily includes 
zero (no difference) if the difference found is not 
statistically significant, but it also may include 
fairly large (and clinically meaningful) differences, 
indicating that the study does not rule out such 
important differences. Both confidence intervals and 
discussions of statistical power, therefore, help to 
characterize nonsignificant differences between 
groups. Statistical power takes into consideration 
type II, or 8, errors, whereas confidence intervals do 
not. Both provide valuable but different information 
about the meaning of an experimental result. 
Finally, estimates of statistical power as described 
above are based on the assumption that the data are 
distributed normally, ie, in a Gaussian fashion. In 
many clinical studies, we collect data that are not 
distributed normally and cannot be normalized, and 
nonparametric statistical methods should therefore 
be used. In these situations, standard estimates of 
statistical power are not accurate. Nevertheless, in 
the absence of better methods of estimating power, 
standard methods may need to be used; the power 
estimates obtained can be decreased by 10% (as a 
conservative measure) in an attempt to allow for this 
inaccuracy. 
WILLIAM M. BOURNE, MD 
Rochester, Minn 
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and Predictability of Radial Keratotomy 


in the PERK Study 


Michael J. Lynn, MS; George O. Waring III, MD; 


Robert D. Sperduto, MD; and the PERK Study Group 


@ The Prospective Evaluation of Radial Keratotomy (PERK) 
study used a standardized surgical technique that included a 
central clear zone with a diameter of 4.0, 3.5, or 3.0 mm. Multiple 
regression analysis of the outcome in one eye from each of 411 
patients disclosed that the diameter of the central clear zone, 
patient age, and depth of the incision scar were the major 
factors affecting the change in refraction one year after surgery. 
Preoperative factors examined that did not have a significant 
influence on the outcome were sex, average central keratomet- 
ric power, corneal thickness, corneal diameter, intraocular pres- 
sure, and ocular rigidity. The predictability of radial keratotomy, 
ie, the precision with which the outcome can be estimated, was 
measured by the 90% confidence interval for the change in 
refraction based on the regression equation. The width of this 
interval within each clear zone group was as follows: 4.0 mm, 
2.49 diopters; 3.5 mm, 3.38 D; 3.0 mm, 4.12 D. For all 411 eyes, 
the 90% confidence interval was approximately 3.50 D wide. 
Thus, the surgeon could be 90% certain that an individual 
patient’s refraction would be within 1.75 D of the predicted value 
one year after surgery. 

(Arch Ophthalmol 1987;105:42-51) 


Radial keratotomy is a surgical procedure in which 
radial incisions made in the paracentral and 
peripheral cornea result in flattening of the central 
cornea and a reduction in refractive myopia. Begin- 
ning with Fyodorov, investigators have worked to 
identify the patient characteristics and the elements 





See also pp 37, 76, 81, and 86. 





of the surgical technique that are the most impor- 
tant in determining the surgical outcome. Past 
attempts to examine such factors have employed 
plastic models of the anterior segment of the eye,’ 
mathematical models of the cornea,’ experiments on 
enucleated animal and human eyes,*’ and statistical 
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analyses of clinical results.*!^ 

This article presents results of the Prospective 
Evaluation of Radial Keratotomy (PERK) study to 
show the effect of selected surgical and patient 
factors on the outcome of radial keratotomy and to 
provide a measure of the predictability of the proce- 
dure using the 90% confidence interval for the 
predicted change in refraction for an individual 
patient. 


PATIENTS AND METHODS 


Details of the background, design, and surgical tech- 
nique of the PERK study" and the findings one year after 
surgery” have been previously published. Only the meth- 
ods pertinent to the results presented in the present article 
are briefly summarized herein. 


Study Design and Patient Population 


The PERK study, a nine-center clinical trial, is evaluat- 
ing a standardized technique of radial keratotomy by 
comparing measurements taken before and after surgery 
from one eye of each patient. Patients selected for the 
study met strict entry criteria. The diameter of the uncut 
central clear zone, 4.0, 3.5, or 3.0 mm, was determined 
according to the baseline spherical equivalent cycloplegic 
refractive error (Table 1). Other aspects of the surgical 
technique were the same for all patients. 

There were 411 eyes (one eye from each patient) included 
in this report. Except for two patients for whom the 
one-year cycloplegic refraction was unavailable, these are 
the same 413 eyes in the report of the one-year results of 
the PERK study.” 


Surgical Technique 


A round marking trephine was centered on the visual 
axis mark" to delineate the central clear zone. The dia- 
mond blade of the micrometer knife was extended to a 
length equal to 100% of the thinnest of four intraoperative 
ultrasonic corneal thickness readings taken paracentrally 
at the 3-, 6-, 9-, and 12-o'clock meridians just outside the 
trephine mark. The blade extension was verified with a 
calibrated, coin-shaped gauge block. The surgeon made 
eight freehand radial incisions that extended from the 
edge of the trephine mark to the limbal vascular arcade 
and that were spaced equidistantly around the cornea. 
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Baseline cycloplegic refraction, diopters 





Age, y 411 33.5 7.3 21 58 
Baseline average central keratometry, D 411 44.06 1.39 40.25 48.88 
Baseline central corneal thickness, mm 410 0.53 0.04 0.41 0.65 
Baseline horizontal corneal diameter, mm 11.9 0.5 11.0 13.5 
Baseline fee Moressure, mm Hg 410 14.4 25.0 
Depth of incision scar, 9of 411 72.8 12.5 36.5 87.5 
Change in refraction at 1 y, D 411 3.60 1.38 0.38 8.63 
Diameter of central clear zone (baseline 
refractive error) 
4.0 mm (—2.00 to —3.12 D) 124 (30) 
3.5 mm (—3.25 to —4.37 D) 138 (34) 
3.0 mm (—4.50 to —8.00 D) 149 (36) 
* One eye per patient. PERK indicates Prospective Evaluation of Radial Keratotomy. 
tDepth score derived from all eight incisions. Maximum possible value was 87.5%. 
Methods of Clinical Examination RESULTS 


The factors described in this report are listed in Table 1. 
The change in the spherical equivalent of the cycloplegic 
refraction between baseline and one year after surgery was 
used as the measure of surgical outcome. 

A technician-coordinator and an ophthalmologist-exam- 
iner who was not the surgeon gathered all baseline and 
postoperative data. The cycloplegic refractive error was 
measured without reference to records of previous refrac- 
tions. The average central keratometric power was mea- 
sured with a calibrated keratometer (corneal index of 
refraction, 1.3375). The baseline intraocular pressure in 
millimeters of mercury was measured by applanation with 
a Goldmann tonometer between 8 AM and 6 PM. The ocular 
rigidity was calculated using the method of Frieden- 
wald.‘ 

The intraoperative central corneal thickness was mea- 
sured using a calibrated ultrasonic pachymeter (speed of 
sound, 1640 m/s). The horizontal corneal diameter was 
measured intraoperatively with Castroviejo calipers using 
the edge of the clear cornea as the marking points. 

The depth of the scar in each of the eight incisions was 
estimated by visual inspection using a slit-lamp micro- 
scope at the two-week follow-up visit. The examiner indi- 
cated the depth of the incision as 0% to 25%, 26% to 50%, 
51% to 75%, or 76% to 100% of the corneal thickness at 
three locations along the scar: the midpoint and 0.5 mm 
from either end. The 24 data points for each eye (three 
points from each of the eight incisions) were combined into 
a measure of depth by taking the middle of the indicated 
range (ie, 87.5% for the range 76% to 100% ) and averaging 
the 24 values. Using this method, the maximum value for 
the average depth of the incision scars for an eye was 
87.5%. 


Statistical Methods 


Comparisons of mean values of continuous variables 
such as the change in refraction were based on one-way 
and two-way analysis of variance techniques, with multi- 
ple comparisons made using the Bonferroni method. Mul- 
tiple regression analysis was done using the best subset 
selection method for determining important factors. The 
predictability of radial keratotomy was characterized by 
the width of the 90% confidence interval of the change in 
refraction for an individual patient predicted from the 
regression equation. These statistical procedures are 
described by Neter and associates." 
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Table 1 displays the summary statistics for the 
factors studied. In the present report, we present the 
relationship between the change in refraction at one 
year and each of the study factors, and then the 
results of regression analysis. 

Analysis of Individual Factors 

Diameter of Central Clear Zone.—Figure 1 shows 
that eyes with smaller clear zones had a greater 
average change in refraction, as follows: 4.0 mm 
clear zone, 2.73 diopters; 3.5 mm clear zone, 3.41 D; 
and 3.0 mm clear zone, 4.49 D. Thus, a 0.5 mm 
reduction in the diameter of clear zone was related to 
an increase in the average change in refraction of 
0.68 D between 4.0 mm and 3.5 mm and 1.08 D 
between 3.5 mm and 3.0 mm. The 90% confidence 
interval for the difference in the average change in 
refraction between clear zone groups was 0.40 to 0.97 
D between 4.0 mm and 3.5 mm and 0.78 to 1.38 D 
between 3.5 mm and 3.0 mm. 

Since the diameter of the clear zone was assigned 
according to the baseline refractive error, the eyes in 
the three clear zone groups had different amounts of 
preoperative myopia, which may contribute to the 
differences in the average change in refraction 
among the clear zone groups. 

The histograms in Fig 1 also demonstrate the 
variation in the change in refraction within each 
clear zone. One measure of this variation is the range 
of the refractive change that encompassed the mid- 
dle 90% of the eyes. In the 4.0 mm clear zone group, 
9095 of the eyes had a change in refraction between 
1.50 and 4.12 D, a range of 2.62 D. In the 3.5 mm clear 
zone group, this range was 3.62 D (1.75 to 5.37 D), and 
in the 3.0 mm clear zone group this range was 4.38 D 
(2.31 to 6.75 D). There was an increase in variability 
as the diameter of the clear zone decreased. There 
was also a marked overlap in the magnitude of the 
change in refraction among the three clear zone 
groups. To quantify this overlap, we used the range 
of the refractive change for the middle 90% of eyes in 
the 3.5 mm clear zone (1.75 to 5.37 D) and determined 
that 91% of eyes in the 4.0 mm clear zone group and 
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Fig 1.—Change in spherical equivalent of cycloplegic refrac- 
tion after radial keratotomy in three clear zone groups: 4.0 mm 
(top), 3.5 mm (middle), and 3.0 mm (bottom). Number of eyes 
and mean change in refraction are given in insets. Graphs 
demonstrate that average change in refraction increased for 
smaller clear zones but that there was considerable variation 
within each clear zone group and marked overlap among clear 
zone groups. Percent of patients with refraction in range of 
1.75 to 5.37 diopters (D) is given for each group and is 
represented by blue area between broken lines. 


79% of eyes in the 3.0 mm group were also in this 
range (areas between broken lines in Fig 1). 
Although there was a shift in the average change in 
refraction in the three clear zone groups, the major- 
ity of eyes in each clear zone fell in the same range of 
refractive damage. 

Baseline Refractive Error. — The correlation between 
baseline refractive error and the change in refrac- 
tion was approximately —.20 in each clear zone 
group, indicating a slight trend for the amount of 
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Fig 2. —Change in spherical equivalent of cyclcplegic refrac- 
tion after radial keratotomy compared with baseiine refractive 
error. Symbols for each clear zone group and ccrrelations are 
given in inset. D indicates diopters. 


correction to increase as the preoperative myopia 
increased (Fig 2). 

Patient Age.— There was a trend toward a greater 
change in refraction as age increased (correla- 
tion = .4); however, in each age group there was 
considerable variation in the change in refraction 
(Fig 3). The average change in refraction increased 
in each successive ten-year age group by approxi- 
mately 0.6 D (Table 2). 

Patient Sex.—In the 3.0 mm clear zone the average 
change in refraction was 0.54 D greater for male 
than female patients (P = .02) (Table 3). We also 
compared male and female subjects in the successive 
ten-year age groups. We found that for patients 40 to 
98 years old in both the 3.0 mm and 3.5 mm clear zone 
groups, the male subjects had an average change in 
refraction that was greater by approximately 1.25 D, 
(P = .04), as follows (refractive values are for male 
vs female subjects): 3.5 mm, 4.79 D vs 3.45 D; 3.0 mm, 
5.82 D vs 4.63 D. 

Depth of Incision.— There was a weak relationship 
between the depth of the incision scar and the 
change in refraction (Fig 4). In general, the larger 
changes in refraction were achieved in the eyes that 
had received deeper incisions (correlation = .24). 
However, even among patients in whom the average 
depth of incision was near the maximum value of 
87.5% of the corneal thickness there was a wide 
range in the refractive change. 

Other Factors.— We found little relationship 
between the average central keratometric power and 
the change in refraction (Fig 5). The scattergrams 
and correlations in Fig 6 show no significant effect 
on the change in refraction from cornea! diameter, 
central corneal thickness, intraocular pressure, and 
ocular rigidity. 


Regression Analysis 


We used multiple regression analysis to evaluate 
the combined effects of the factors on the change in 
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Fig 3.—Change in spherical equivalent of cycloplegic refrac- 
tion after radial keratotomy compared with patient age for each 
clear zone group: 4.0 mm (top left), 3.5 mm (top right), and 3.0 
mm (bottom). There was tendency for greater change in 
refraction as age increased in each clear zone group. Variation 
in change in refraction increased as diameter of clear zone 
decreased. D indicates diopters. 
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refraction and to obtain a measure of predictability. 
The analysis was done for the three clear zone groups 
combined and for each individual clear zone (Tables 4 
and 5) | 

Identification of Important Factors.— The analysis 
for all clear zone groups combined showed that the 
diameter of the central clear zone was the most 
impertant factor. Since the patients in the three 
clear zone groups had different amounts of preoper- 
ative myopia, the clear zone factor in the equation 
represented the combined effect of both clear zone 
diameter and baseline refractive error. The R? value 
for :he diameter of the central clear zone was .28, 
indiesting that this factor explained 2875 of the 
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variability in the change in refraction. Age explained 
an additional 12% and the average depth of the 
incision scar explained an additional 4% of the 
variability. The E? value for the equation with these 
three factors was .44 (Table 4). No other factors, 
including various nonlinear and interaction terms, 
significantly improved the fit of the model (Ta- 
ble 5). 

Results of the analyses of the individual clear zone 
groups were similar to those of the analysis of the 
three groups combined; age was the most important 
variable, followed by average depth of incision scar. 
The R? values were approximately .20 for each clear 
zone group (Table 4). 


PERK Study—Lynn etal 45 


KN- 


Table 3.— Change by Sex in the Spherical Equivalent of the Cycloplegic Refraction One Year After Radial Keratotomy * 
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Fig 4.—Change in spherical equivalent of cycloplegic refrac- 
tion after radial keratotomy compared with average depth of 
incision scar for each clear zone group: 4.0 mm (top left), 3.5 
mm (top right), and 3.0 mm (bottom). There was tendency for 
greater change in refraction as depth of the incision scar 
increased. Variation in change in refraction increased as 
diameter of clear zone decreased. D indicates diopters. 


Interpretation of Regression  Coefficients.— The 
regression coefficients (Table 4) indicate the amount 
of effect each of the factors had on the change in 
refraction. In the analysis of the three clear zone 
groups combined, the regression coefficient for the 
diameter of the central clear zone was —1.63, indicat- 
ing that a reduction of the clear zone by 1.0 mm was 
related to an added average change in refraction of 
1.63 D. The coefficient for age was 0.065, so that an 
increase of ten years in age was related to an average 
additional change in refraction of 0.65 D. The coeffi- 
cient for the average depth of the incision scar was 
.02, indicating, for example, that a 25% increase in 
the average depth of the eight incisions was related 
to an additional change in refraction of 0.50 D. Of 
course these are average effects and, because of the 
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variability in patient response, these relationships 
would not necessarily be accurate for individual 
patients in the study. Similar coefficients resulted 
from the analyses of the clear zone groups separately 
(Table 4). 

The Confidence Interval as a Measure of Predictabili- 
ty.—To measure the predictability of radial keratot- 
omy in the PERK study, we determined the 90% 
confidence interval for the predicted change :n 
refraction for an individual patient. The midpoint of 
the confidence interval is the predicted change :n 
refraction, which is determined for an individual 
patient by putting the diameter of the central clear 
zone, patient age, and the depth of incision scar into 
the regression equation. Using the equation for all 
clear zone groups combined and putting the mean 
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Change in Refraction at 1 y, D 


Average Central Keratometric Power, D 


Fig 5.—Change in spherical equivalent of cycloplegic refrac- 
tion after radial keratotomy compared with baseline average 
central keratometric power, showing no relationship between 
these two factors. D indicates diopters. 


values for these factors into the equation (clear 
zone = 3.5 mm; age=33 years; depth of inci- 
sion = 75%), the predicted change in refraction was 
3.56 D with a 90% confidence interval of 1.85 to 5.27 
D (3.56 + 1.71 D). The width of this confidence 
interval, 3.42 D, indicates the precision with which 
the outcome of radial keratotomy can be predicted 
for an individual patient (Table 4). 

The confidence interval was also determined for 
each clear zone group. The smaller the diameter of 
the clear zone, the wider the 90% confidence inter- 
val: 4.0 mm, 2.49 D; 3.5 mm, 3.38 D; and 3.0 mm, 4.12 
D (Table 4). The width of the confidence intervals 
changed less than 0.25 D when values other than the 
means for age and depth of incision were put into the 
equation. 

Predicted vs Actual Change in Refraction.— For each 
of the eyes in the study, we compared the change in 
refraction predicted by the regression equation with 
the change in refraction actually obtained in the eye. 
Using the equation for all clear zone groups com- 
bined, the difference between the actual change in 
refraction and the predicted change was 1 D or less 
for 69% of eyes, 2 D or less for 95% of eyes, and 3 D 
or less for 99% of eyes. 


COMMENT 
Implications of the Study Design 


The design of the PERK study" presented both 
disadvantages and advantages for the evaluation of 
factors affecting the outcome of radial keratotomy. 
Some elements of the surgical technique, such as 
altering the number of incisions or using peripheral 
deepening incisions, were not evaluated. The results 
presented in this article apply only to the PERK 
surgical technique. A strength of the design was that 
we could measure predictability and evaluate the 
effect of factors for a single surgical technique. 
Because other reported studies included a variety of 
surgical techniques,^?!*? the effect of factors could 
be more difficult to measure. Nine centers partici- 
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Table 4.— Regression Coefficients, R? and 90% Confidence 
Interval for Predicted Change in Refraction 
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9096 Confidence 
interval, diopters 
Width of interval, 
D 3.42 2.49 3.38 4.12 
Regression coefficients 
Diameter of clear 





1.85-5.27 1.48-3.97 1.75-5.11 2.39-6.51 


zone — 1.6297 AE M 
Age 0.0649 0.0506 0.0706 0.0695 
Depth of incision 

scar 0.0203 0.0108 0.0226 0.0287 









Intercept 
(constant term) 5.5987 0.2737  —0.5389 3—0.0368 


R2 .44 .22 .24 .22 
Mean square error 1.0766 0.5568 1.0333 1.5368 











Table 5.— Change in R? and Width of 90% Confidence Interval 
as Factors Were Added to the Regression Equation 


Width of 
9096 Confidence 
Factor g?* Interval, Diopterst 


Diameter of clear zone 3.87 
Age 3.52 
Depth of incision scar 3.42 


.28 : 
.40 ; 
.44 ‘ 
Horizontal corneal diameter 47 3.32 
keratometric power .48 3.28 
.49 : 
.49 ; 
49 
49 






* F? gives percent of variation in outcome explained by regression equation. 
tWidth of confidence interval gives the precision for predicting outcome. 


pated in the PERK study. As shown in a previous 
report,” there was not a significant difference in the 
average change in refraction among the nine cen- 
ters. 


Factors Affecting the Outcome of Radial Keratotomy 


The regression analysis of the factors affecting the 
outcome of radial keratotomy showed that the diam- 
eter of the central clear zone (in combination with 
baseline refractive error), patient age, and the aver- 
age depth of the incision were the most important 
factors. 

Diameter of the Central Clear Zone.— On the average, 
a 0.5 mm reduction in the diameter of the clear zone 
was related to an increase in refractive change of 
approximately 0.75 to 1.00 D (Fig 1). There was a 
variation of 2.50 to 4.50 D in the change in refraction 
within the clear zone groups. These results show how 
the large differences in the response among individ- 
ual patients can overwhelm the relatively smaller 
effect of changing the diameter of the clear zone by 
0.5 mm. 

The effect of varying the diameter of the clear zone 
could not be evaluated independently of the baseline 
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Fig 6.—Change in spherical equivalent of cycloplegic refraction after radial keratotomy compared with 
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left), and central corneal thickness (bottom right). These factors had no effect on change in refraction. D 
indicates diopters. 
refractive error in this study because the clear zone refraction (Tables 2 and 4 and Fig 3). Other investi- 
was determined by the baseline refractive error. One gators have also reported that a greater effect was 
way to study these factors independently would be to ^ observed in older patients than in younger 
assign a clear zone randomly to patients regardless ^ patients.?!07»2 Fyodorov, however, did not include 
of their baseline refraction. This was not acceptable ^ patient age in his original formula for determining am 


when the present study was designed because the 
evidence suggested that the clear zone was an impor- 
tant factor for controlling the effect of surgery." The 
differences we observed among the clear zone groups 
were due to the combined effect of the clear zone and 
the baseline refractive error. Once the diameter of 
the clear zone was included in the equation, baseline 
refractive error was not a significant factor (Ta- 
ble 5). 

Fyodorov and Durnev" first suggested varying the 
diameter of the clear zone as a method of adjusting 
the effect of the surgery and they reported a greater 
change in refraction with smaller clear zones. 
Other investigators have made the same obser- 
vation.?/9171921 

Patient Age. — On the average a ten-year increase in 
age was related to a 0.60-D increase in the change in 
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Change in Refraction at 1 y, D 








the diameter of the clear zone. 

Depth of Incision Scar.—We found that larger 
refractive changes occurred in patients who had 
presumably deeper incisions (Fig 4). However, there 
was a wide range in the refractive change even 
among patients whose average depth of incision 
values indicated consistently deep incisions. 

Many observers consider the depth of incision to be 
a major determinant of the outcome of radial kera- 
totomy.*" Jester and associates? determined inci- 
sion depth histologically in 14 human eyes from zn 
eye bank and found a correlation of .75 between 
depth of incision and change in keratometrie power; 
incision depth was the single most important factor 
in their study. ^ 

One of us (G.O.W)? has cited difficulties related to 
the depth of incision that could account for tke 
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relatively low correlation with change in refraction 
in the present study. One problem was the difficulty 
of visually estimating the depth of the incision scar 
accurately anc precisely using a slit-lamp micro- 
scope. Even if the depth could be accurately mea- 
sured with an optieal pachymeter, as Sanders and 
associates? have reported, the lack of uniform depth 
from one end to the other in the same incision or 
from one incision to another makes it difficult to 
summarize the data on depth of incisions. 

Patient Sex. — We found that patient sex had little 
effect on the change in refraction (Table 3). The only 
differences between male and female patients 
appeared among the patients over 40 years of age in 
the 3.5 mm and 3.0 mm clear zone groups, in which, 
on the average, older male patients experienced a 
change in refraction that was approximately 1.25 D 
greater. These findings are at odds with those 
reported by Sanders and associates,’ who found that 
younger male patients experienced a greater effect 
than younger female patients and that the differ- 
ences between male and female subjects disappeared 
in older patients. 

Other Factors.— We found little relationship 
between baseline average central keratometric power 
and the change in refraction after surgery (Fig 5). 
Laboratory and clinical studies of the effect of 
baseline corneal curvature have produced mixed re- 
sults. One study using human eyes from an eye bank 
reported that corneal curvature played a part in 
explaining the outcome,’ while another study re- 
ported that it did not.’ Fyodorov! suggested that a 
greater change in refraction was achieved in steeper 
corneas. Sanders and associates? reported a small 
additional effect in steeper corneas, with approxi- 
mately 1-D increase in refractive change over the 
range from 42 to 46 D of keratometric power. Kera- 
tometric values are based on the measurement of very 
small areas of the cornea. Study of photokerato- 
graphs that depict the topography of the cornea may 
help clarify the relationship between corneal shape 
and the change induced by radial keratotomy. 

In the present study, baseline intraocular pres- 
sure, corneal diameter, corneal thickness, and ocular 
rigidity had no demonstrable effect on the outcome 
of radial keratotomy (Fig 6 and Table 5). Fyodorov’ 
included corneal diameter and ocular rigidity in his 
original formula. Some clinicians have suggested 
that extreme intraocular pressure values may affect 
outcome.” A change in intraocular pressure after 
surgery can cause changes in corneal curvature and 
refractive error.^* However, no study has shown 
that the level of a stable preoperative intraocular 
pressure wil! affect the outcome of radial keratot- 
omy. 


Predictability of Radial Keratotomy 


Predictabiity is one aspect of the efficacy of a 
clinical therapy and refers to the reproducibility of 
outcome among patients with similar characteristics 
undergoing the same procedure. We used the 90% 
confidence interval for the predicted change in 
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refraction to measure predictability. The confidence 
interval provides a range of the refractive change 
within which we would expect 90% of eyes with 
similar characteristics to fall. The greater the vari- 
ability in outcome that is left unexplained by the 
model, the wider the confidence interval. We found 
that the width of the 90% confidence interval varied 
in the three clear zone groups from approximately 
2.50 to 4.00 D and that the predictability was better 
for the patients with lower myopia who received a 
larger clear zone (Table 4). 

Another measure of the suitability of the regres- 
sion equation is R’, which represents the percent of 
the variability in the outcome that is explained by 
the factors in the regression equation. While F? is a 
useful measure of how well the regression equation 
fits the data, it does not indicate in any clinical terms 
how precisely the outcome can be predicted. 

Only two published studies of the predictability of 
radial keratotomy, the diamond knife series of Sand- 
ers and associates? and of Arrowsmith and Marks,” 
can be compared with the present results from the 
PERK study. 

All three studies used multiple-regression analysis 
to identify factors that affect the change in refrac- 
tion after surgery (Tables 6 and 7). The PERK study 
had more than three times as many eyes as either of 
the other studies. The follow-up time was 12 months 
in the PERK study and the study by Arrowsmith and 
Marks” but only three months in the study by 
Sanders and colleagues.’ In general, there was agree- 
ment among the three studies regarding which fac- 
tors affect outcome, with each study concluding that 
the diameter of the clear zone, the age of the patient, 
and the depth of the incision scar were important 
factors (Table 7). In the studies by Sanders and 
colleagues? and Arrowsmith and Marks” the number 
of incisions and, in the study by Arrowsmith and 
Marks,” the use of deepening incisions were impor- 
tant factors; in the present PERK study, eight 
incisions were used in all cases. Sanders and col- 
leagues? reported that baseline keratometric power 
had a small effect, but our results and those obtained 
by Arrowsmith and Marks” did not include this 
factor in the equations. None of the studies found 
that patient sex, baseline intraocular pressure, cor- 
neal diameter, or central corneal thickness signifi- 
cantly affected the outcome. 

The F? values were almost identical in the studies 
by Arrowsmith and Marks" and Sanders et al? (.74 
and .73, respectively) and much higher than the R? 
value in the PERK study (.44) (Table 6). However, 
the differences between the predicted and actual 
changes in refraction were similar in the three 
studies (Table 6), emphasizing the deficiency of F? as 
a measure of predictability. Although the studies by 
Sanders et al? and Arrowsmith and Marks" did not 
report confidence intervals for the predicted change 
in refraction, the similarity among the three studies 
in the difference between the actual and predicted 
change in refraction suggests that the confidence 
intervals might also be similar, indieating similar 
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Table 6.—Comparison of Three Studies 
of the Predictability of Radial Keratotomy* 


Source 
Arrowsmith 


and Marks, '° 
1985 


PERK 
Study 


Sanders 
et al,9 1985 


No. of eyes 411 106 120 


Follow-up time, mo 12 3 12 
R? 44 73 74 


Difference between 
predicted and actual 
change in refraction 

Within 1.00 diopter, % 


Within 1.50 D, % 
Within 2.00 D, % 
Within 3.00 D, % 


* PERK indicates Prospective Evaluation of Radial Keratotomy. 


degrees of predictability in the three studies. 

Although the predictability of radial keratotomy 
is similar in these three studies, there are differences 
in the conclusions. Arrowsmith and Marks” con- 
cluded that radial keratotomy “seems to be highly 
predictable.” Sanders and associates’ did not present 
a specific value judgment regarding predictability, 
but stated that their results provided “the basis for a 
clinical tool” to aid a surgeon in determining which 
surgical technique to use. We conclude that a 90% 
confidence interval of approximately 3.50 D hardly 
qualifies as predictable. 

Two broad categories of factors probably account 
for the wide range in outcome: the surgical technique 
and the biological variability of the patient. With 
current technology, the most difficult surgical factor 
to control is the depth of the incision. It is possible 
that technological improvements such as the use of 
lasers to make fine linear excisions of tissue? will 
increase the accuracy and precision of the surgery. In 
the future, control of corneal wound healing by the 
use of growth factors? or other means may help to 
diminish the variation in individual biologic 
response. 

Since there is no generally accepted criterion for 
predictability of radial keratotomy, individual sur- 
geons and patients must decide if the present level of 
predictability is sufficient to warrant the use of 
current techniques of radial keratotomy as a treat- 
ment for myopia. 

When a surgeon consults with a patient who is 
considering radial keratotomy, he should tell the 
patient three things about the expected refractive 
result. First, he should describe the ideal result, 
usually emmetropia or slight residual myopia. Sec- 
ond, he should give the average result based on his 
previous experience. Third, the surgeon should 
describe the range of the expected outcome, as 
provided by the confidence interval for the postoper- 
ative refractive error. 

For example, the surgeon might say to a 33- 
year-old patient with 4 D myopia: 

Assuming I make the incisions approximately as I have 
done in the past and you have an average result, you will 
probably retain about 0.5 D of myopia. However, I cannot 
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Table 7.—Fact®rs Affecting Outcome 
of Radial Keratotomy in Three Studies * 













Source 
T  ~!...awwi cq 
Arrowsmith 
PERK Sanders and Marks, '° 
Factor Study et al,9 1985 1985 
Age of patient 2 5 Yes 
Average central 
keratometry No 4 No 









* Numbers indicate order of entry into regression equation when known. PERK, 
Prospective Evaluation of Radial Keratotomy. 

tSingle-pass incisions. 

Deepening incisions in some cases. 


tell exactly where you will end up; I am 90% confident that 
you will be between 2.25 D undercorrected and 1.12 D 
overcorrected one year after surgery. Let me explain this 
in terms of your vision. 


Thus, we are left with the problem that for two 
patients with the same general measurabie charac- 
teristics on whom the same surgical technique of 
radial keratotomy is performed, the outcomes can be 
quite different. Unless we learn to control this 
variability, radial keratotomy will not be as predict- 
able as either the surgeon or patient desires. 


We wish to thank Suzanne D. Frease for her editorial review. 
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Clinical Sciences 


Complications of Semiflexible, Closed-Loop 


Anterior Chamber Intraocular Lenses 


Patricia W. Smith, MD; Stephen K. Wong, MD; Walter J. Stark, MD; 
John D. Gottsch, MD; Arlo C. Terry, MD; Roger D. Bonham, MD 


@ Anterior chamber intraocular lenses 
(IOLs) provide good visual rehabilitation 
of aphakia in a majority of patients. An 
increasing number of eyes with closed- 
loop, semiflexible anterior chamber 
implants are now being seen with 
decreased vision due to corneal edema 
and persistent cystoid macular edema. 
We evaluated 53 such eyes in 52 patients 
who presented with decreased vision one 
to 51 months (average, 15 months) after 
lens implantation. The most frequent lens 
implanted was the Surgidev Style 10 
Leiske IOL. Surgery for IOL removal or 
exchange with or without penetrating ker- 
atoplasty was performed in 34 (6496) of 
53 eyes; visual acuity recovery ranged 
from 20/20 to hand motions (average, 
20/80). Despite clear corneal grafts in 24 
(9296) of the 26 eyes that underwent cor- 
neal transplantation, visual acuity of 20/ 
40 or better was obtained in only nine eyes 
(26%). Based on the intractable inflamma- 
tory sequelae associated with anterior 
chamber closed-loop IOLs, we strongly 
urge discontinuation of their use. 

(Arch Ophthalmol 1987;105:52-57) 


Since 1978, approximately 850 000 
anterior chamber intraocular 
lenses (IOLs) have been implanted in 
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the United States.’ Rigid, one-piece 
Choyce-style lenses were initially the 
most widely used. However, complica- 
tions related to manufacturing prob- 
lems (finishing and warpage) and 
design (incorrect sizing and mechani- 
cal injury) came to be recognized as 
the uveitis, glaucoma, and hyphema 
syndrome, prompting the search for 
alternative designs. The semiflexible, 
closed-loop anterior chamber lens 





See also p 19. 





was introduced in the late 1970s as a 
new and better design. The Surgidev 
Style 10 Leiske IOL was one of the 
first and most popular lenses of this 
type. However, an increasing number 
of eyes are now being seen in which 
corneal edema and persistent cystoid 
macular edema occur from a few 
months to several years after implan- 
tation of these lenses. To date, we 
have evaluated 53 such eyes with 
decreased vision that have been 
referred to The Wilmer Ophthalmo- 
logical Institute, Baltimore. 


PATIENTS AND METHODS 


Fifty-three eyes of 52 patients with 
semiflexible, closed-loop anterior chamber 
lens implants and decreased visual acuity 
were evaluated by the anterior segment 
service of the Wilmer Institute between 
October 1981 and March 1986. A retrospec- 
tive chart review was done. The original 
surgeons and referring ophthalmologist 
were contacted as necessary for complete 
historical information. 

Histopathologic studies were conducted 
on removed lens implants and corneal but- 
tons. The removed IOLs were stained with 
hematoxylin-eosin and examined by light 
microscopy. Corneal buttons were pre- 


pared for light microscopy and sections 
were stained with hematoxylin-eosin and 
periodic acid-Schiff. 


RESULTS 
Cataract Surgery 


The age of the patients at the time 
of cataract surgery ranged from 50 to 
90 years; the average age was 66 years 
(Table 1). Cataract extraction was by 
intracapsular technique in 42 eyes and 
by an extracapsular technique in 11 
eyes. In ten of these eyes, the implant 
was inserted as a secondary proce- 
dure. Table 2 lists the type of anterior 
chamber IOL in the 53 study eyes. 
Cataract surgery was complicated in 
24 (45%) of the original procedures, 
including vitreous loss in 14 (26%) 
eyes and intraocular hemorrhage in 
four (8% ) eyes. Concurrent ecular dis- 
orders, present at the time cf cataract 
surgery, included Fuchs' corneal dys- 
trophy in nine (17%) eyes, chronic 
open angle glaucoma in eight (1596) 
eyes, age-related macular degenera- 
tion in four (8%) eyes, and back- 
ground diabetic retinopathy in two 
(4% ) eyes. 

The best visual acuity obtained fol- 
lowing cataract surgery was 20/40 or 
better in 49 (93%) eyes; the average 
best acuity for all 53 eyes was 20/25. 

The interval between semiflexible, 
closed-loop IOL implantation and ini- 
tial diagnoses of iritis, pseudophakic 
bullous keratopathy, or cystoid macu- 
lar edema was one to 51 months, and 
the average was 15 months. 


Surgery Subsequent 
to Cataract Removal 


Thirty-four (64% ) of 53 eyes under- 
went surgery that included lens 
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Total IOL 





Complications Problem-Free Duration Best Acuity After 
Case Date of at Initial Interval, in Eye, Cataract Removal, 
No. implantation Surgery mo mo IOL Implantation Final Acuity Clin:cal History 
= 1 3/82 E 35 44 20/25 20/60 n: 
2 . B/83 Vitreous loss 7 28 20/25 20/40 IOL removal 12/85; 
| PK 2'86 and 3/86 
3 | 9/82 E 17 38 20/50 20/100 PK 1/85; PK + IOL 
| removal 11/85 
4 6/82 : «di 17 46 20/20 Hand motions 


No improvement 
with topical ste- 
roids 


PK + IOL removal 


5/85. postoperative 

































glaucoma 
Vitreous loss 20/ 100 PK + IOL exchange 
Ss 1/8€; postoperative 
glaucoma 
8 | 11/83 ee 12 25 20/30 20/70 PK only; graft clear 
15 mo later 
Vitreous loss Hand motions IOL removal; iris dialy- 
sis and hemorrhage 
at surgery, retinal 
detachment 2 mo 
later 
10 | 1/81 "T 51 55 20/25 20/40 PK anc IOL exchange 
1/8€ 
20/400 Continued loss of vi- 
sion with medical 
treatment 
20/ 100 IOL removal 2/86; FA 
showed CME post- 
v | operatively 
14 | 5/83 4 23 26 
15 | 8/83 T 6 28 1/400 Medical manage- 
ment corneal 
vascularization 
360° 
16 7/84 Vitreous loss 17 19 20/20 10/400 Scheduled for sur- 
| gery 
17 | | 2/81 Vitreous loss 6 30 20/40 6/400 PK ane IOL removal 
8/83; graft failed 
Vitreous loss 20/50 IOL removal 6/84; 
corneal autograft 
| 1/88  . 
19 | 6/82 Vitreous loss 12 40 20/30 LP Epithelial ingrowth 
20 | 279 -— 21 64 20/25 20/200 Failed PK 1982; re- 
| peated PK and IOL 
S. | remeval 10/85 
| 5/84 Vitreous loss 20/100 Transient visual im- 
provement with anti- 
inflammatory medi- 
| catiens 
22 | 10/83 d 22 29 20/30 20/200 PK and IOL exchange 
NI 3/88 
| æ — ET: Vitreous loss 25 41 20/20 20/40 PK only 8/84 
24 | 1/82 Vitreous loss 38 43 20/30 20/100 PK and IOL exchange 
| 8/85 
25 | 6/83 Malignant 1 1 20/20 20/60 Surgical peripheral 
glaucoma iridectomy 
26 | 4/83 5 6 23 20/40 20/400 PK and IOL removal 
3/85 
27 12/82 Hemorrhage 6 18 20/20 20/30 oat 
| 20/ 100 PK and IOL exchange 
1/85; retarded 
patient 
-A 29 7/83 — 19 29 20/20 20/70 PK and IOL exchange " 


12/35 


(continued on p. 54) 
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Complications 
at Initial 
Surgery 


Iris to wound 


Date of 
Implantation 


31 6/82 
32 1/83 
33 1/83 Vitreous loss, 
hemorrhage 
34 3/83 Posterior 
capsule break 
5/84 
2/82 Iris to wound 
10/82 Vitreous loss 
7/82 
39 4/83 
40 4/83 
41 8/81 Posterior 
capsule break 
42 5/82 





44 10/82 WT 
Iris to wound 


Hemorrhage 





48 9/82 


49 1/82 





51 1/82 ae 
52 11/82 Vitreous to 

wound 
53 9/81 


ea zr "FTA . è ye P ream 
E i ' 


Total IOL 





Problem-Free Duration Best Acuity After 
Interval, in Eye, Cataract Removal, 
mo mo IOL Implantation Final Acuity Clinical History 
20/400 PK 8/83, failed; PK 
and IOL removal 
4/85 
3 37 20/40 20/200 PK and IOL removal 
7/85 
10 22 20/20 20/30 PK and IOL ex- 
change 10/84 
29 30 20/30 20/ 100 IOL removal 7/85; 
PK and IOL 5/86 
4 22 20/20 20/80 IOL exchange 1/85 
20/20 20/ 100 
20/20 20/20 IOL removed 3/85 
20/30 20/300 FA showed CME 
20/20 20/100 PK and IOL ex- 
change 12/85 
9 36 20/30 20/400 PK and IOL ex- 
change 4/86 
11 36 20/20 20/20 CME cleared 20/40 
to 20/20 in 3 mo 
48 54 20/20 20/70 PK and IOL ex- 
change 2/86 
5 23 20/25 10/400 PK and IOL ex- 


change 6/84 

RD 5/84; mild CME 
with topical ste- 
roids 

FA showed CME 

CME improved with 
steroids 10/400 
to 20/300 over 2 
mo 

Retinal detachment 
9/82; pars plana 
vitrectomy 2/84 

IOL removal 10/81; 
PK 4/85; FA 
showed positive 
CME 5/86 

PK and IOL removal 
9/83 

IOL removal 12/85 


Superior pseudo- 


20/20 


7 35 20/40 20/400 


20/300 


20/ 100 


20/40 6/400 


28 48 20/20 20/80 


phakic bullous 
keratopathy 


3 14 20/ 100 20/25 IOL removal 3/84 
16 24 20/25 20/40 IOL removal 9/83; 
PK and IOL 2/84 
16 37 20/15 20/20 Glaucoma 


*JOL indicates intraocular lens; PK, penetrating keratoplasty; FA, fluorescein angiography: and CME, cystoid macular edema. 


removal or lens exchange, anterior 
vitrectomy, and/or penetrating kera- 
toplasty eight to 55 months (average, 
31 months) after IOL insertion (Table 
3). The duration of the average post- 
operative follow-up was nine months, 
with a range of four to 32 months. The 
lens implant was removed from 18 
eyes, exchanged in 11 eyes, and left in 
place in five of 34 eyes that underwent 
surgery. Implants were removed by 
converting the closed loop to an open 
loop and sliding the implant through a 
superior limbal incision or by lifting 
the implant through a keratoplasty 
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opening, as previously described? Cor- 
neal transplantation was performed 
in 26 eyes and 16 eyes required vitrec- 
tomy. 

Thirteen of 34 surgical patients 
underwent more than one procedure 
after implantation of the closed-loop 
IOL. In five eyes, penetrating kerato- 
plasty followed IOL removal (four 
within one year). Four eyes initially 
underwent penetrating keratoplasty 
only. Three of these eyes required 
repeated penetrating  keratoplasty 
and IOL removal or exchange. 

Complications at surgery were 


encountered in nine (26%) eyes, 
including hemorrhage (six eyes), diffi- 
culty removing lens (four eyes), iri- 
dodialysis (four eyes), and early post- 
operative elevation of intraocular 
pressure greater than 30 mm Hg 
(three eyes). 

Patients had lost an average of ten 
lines from their best visual acuity 
after cataract removal to the time of 
their initial evaluation at The Wilmer 
Institute (average, 20/400). The visual 
recovery in the 34 eyes that under- 
went surgery subsequent to cataract 
removal ranged from 20/20 to light 
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| 
perception (average, 20/80). Aevisual 
outcome of 20/40 or better was 
obtained in only ten eyes; five eyes 
had acuity of 20/200 or worse (Table 
3). The decreased acuity in three of 
these eyes may have been partially 
due to age-related macular degenera- 
tion. The average gain in visual acuity 
after surgery was five lines on the 
Snellen chart. There is no correlation 
between the duration of the ICL in the 
eye and the subsequent visual out- 
come. 

Concurrent disease in the postoper- 
ative eyes included glaucoma (13 eyes) 
and eorneal edema (in six of the nine 
eyes in which penetrating keratoplas- 
ty had not been done). Persistent cys- 
toid macular edema: was clinically 
suspected in 15 eyes with acuity less 
than 20/40 postoperatively. Hruby 
lens examination demonstrated clear 
corneal transplants and media but a 
poor foveal light reflex in these eyes. 
Fluorescein angiography was per- 
formed in one case and disclosed cys- 
toid macular edema. 

Histopathologic studies of 29 speci- 
mens removed at the time of surgery 
demonstrated a thin coating of eosin- 
ophilie fibrous material on the IOL, 
with occasional foreign-body giant 
cells, red cells, and pigment-laden 
macrophages. The 19 corneal buttons 
removed at keratoplasty showed epi- 
thelial and stromal edema, marked 
attenuation of endothelial cells, retro- 
corneal membrane formation, irido- 
corneal synechiae (one eye), and sub- 
epithelial fibrovascular proliferation 
(one eye). 


COMMENT 


Although extracapsular cataract 
extraction with insertion of a posteri- 
or chamber lens implant has become 
the preferred method for correction of 
aphakia by a large majority of cata- 
ract surgeons, a number of surgeons 
continue to perform anterior chamber 
lens implantations. The majority of 
patients who receive an anterior 
chamber IOL at the time of cataract 
extraction or as a secondary proce- 
dure obtain excellent visual acuity 
and are very pleased with the results 
of surgery. However, we have evalu- 
ated a number of patients who have 
been referred for decreased vision 
after insertion of closed-loop, semi- 
flexible anterior chamber lenses. 

These patients initially experienced 
symptoms of chronic intraocular 
inflammation consisting of tender- 
ness, fluctuating vision, and photo- 
phobia. Later, signs of endothelial 
compromise, elevated intraocular 
pressure, peripheral anterior syne- 
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Table 2.—Anterior Chamber Intraocular 
Lenses Implanted in 53 Study Eyes 


Lens Type No. (%) 


Surgidev Style 10 Leiske 
IOLAB Azar 91Z 

Cilco Optiflex 

McGhan Medical Style 70 





chiae, IOL inflammatory deposits, 
anterior vitreous reaction, and fluo- 
rescein-positive cystoid macular ede- 
ma became evident. Visual loss pro- 
gressed as frank pseudophakic bullous 
keratopathy, glaucoma, and florid 
cystoid macular edema developed, 
with or without recurrent hemor- 
rhage. Other clinical studies confirm 
the difficulties with this lens type 
in the five- to ten-year follow-up 
studies.”* 

The actual number of cases nation- 
wide in which implantation of this 
lens style has lead to visually threat- 
ening complications is unknown. In 
addition, as a referral center, we rou- 
tinely see patients who have experi- 
enced complicated cataract surgery. 
Therefore, our study patients do not 
constitute a random sample. However, 
we believe our study demonstrates a 
trend and our clinical impression is 
that the use of closed-loop, semiflexi- 
ble anterior chamber lenses can lead 
to more complications, especially cor- 
neal edema, than other anterior 
chamber lenses of differing design. 

There is other evidence to suggest 
that the complication rate with 
closed-loop anterior chamber IOLs is 
higher than was previously reported 
or suspected. Apple and Olson’ ana- 
lyzed over one thousand surgically 
removed IOLs from complicated cases 
collected over a recent four-year peri- 
od. They concluded, based on the high 
percentage of accessioned closed-loop 
IOLs and correlation with clinico- 
pathologic findings, that the closed- 
loop lens design did not achieve the 
same safety and efficacy as other 
anterior chamber lens designs. 

In our series, the Surgidev Style 10 
Leiske IOL was the lens most fre- 
quently implanted (Table 2). This lens 
consists of a 6-mm optic with closed 
loops and an intrinsic 0.5-mm vault. 
The advantages of this lens have been 
listed as follows’: (1) there is no sig- 
nificant postoperative tenderness; (2) 
there is low mass with less inertial 
stress due to eye movements; (3) less 
area of the iris is in contact with the 
vault; (4) the loop design eliminates 
feet that might occlude iridectomies; 
(5) the implant is entirely of polyme- 


thylmethacrylate, which is believed to 
be the least reactive in the eye; (6) the 
IOL has desireable flexibility with 
adequate rigidity and, therefore, no 
danger of endothelial couch; (7) it is 
easy to insert; (8) the pupil can be 
dilated for inspection of the retina; 
and (9) the IOL may be used after 
intracapsular or extracapsular cata- 
ract extraction or for secondary 
implantation. 

Overall, this lens has given good 
visual results after implantation. Ini- 
tially, low complication rates were 
observed, with the rate of cystoid 
macular edema reported to be 3.296 .' 
More recently, complications have 
been reported that include pseudo- 
phakie bullous keratcpathy; cystoid 
macular edema; chroric uveitis; sec- 
ondary glaucoma; dislocation of a 
haptic through a peripheral iridecto- 
my; chronic pain; the uveitis, glauco- 
ma, and hyphema syrdrome; erosion 
and fibrosis of the loops into the ante- 
rior chamber angle; and iris erosion 
from the site of loop fixation on the 
optic.!!5 

The second most frequently used 
lens in our series was the IOLAB Azar 
91Z. Data released by the manufactur- 
er in a letter dated Jan 31, 1986, 
showed that approximately 40475 of 
107 study patients with the Azar 91Z 
lens had significant complications. At 
a three-year follow-up, these compli- 
cations included indammation or 
hyphema (12%), corneal edema 
(12%), glaucoma (13%), and cystoid 
macular edema (13%). Twenty-five 
percent of study patients without pre- 
existing ocular pathology had visual 
acuity less than 20/40 at three years, 
and 15% had visual acuity worse than 
20/200. 

Whole globes containing closed-loop 
semiflexible IOLs have been examined 
by histopathologic methods.!'!^'5 Re- 
sults suggest that mechanical erosion 
into uveal tissue with subsequent 
breakdown of the blood-aqueous bar- 
rier and release of inflammatory 
mediators is responsible for progres- 
sive intraocular damage." Sharp 
edges caused by poor IOL finishing in 
some models,''^ intermittent corneal 
touch, *? and material toxicity have 
been implicated by some authors. 
Aggressive medical treatment con- 
sisting of topical 1% prednisolone 
acetate and oral nonsteroidal anti- 
inflammatory agents provides vari- 
able improvement ir vision. In our 
study patients, this visual improve- 
ment was transient and vision usually 
deteriorated with cessation of therapy. 

Removal of closed-loop IOLs is dif- 
ficult; it often causes complications at 
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Procedures After 











IOL Duration Preoperative Initial Postoperative 
No. In Situ, mo Acuity Cataract Surgery Acuity Follow-up, mo Comments 
2 28 20/80 IOL removal 12/85; PK 20/40 1 Ee 
2/86; PK 3/86 
D 
3 38 2/400 PK 1/85; PK and IOL 20/100 1 Es 
removal, AV 11/85 
6 36 20/300 PK and IOL removal, AV 20/50 12 
5/85 
7 52 2/400 PK 9/83; PK and IOL 20/100 5 
exchange 1/8/86 
25 20/100 PK only 3/85 20/50 9 
10 20/100 IOL removal 3/86 Light a lridodialysis and hemorrhage 
perception with IOL removal 
20/200 PK and IOL exchange 1/86; 
lysis of peripheral anterior 
synechiae 3/86 "- 
12 8 20/25 IOL removal (elsewhere) 20/30 19 lridodialysis 
3/84 
13 30 20/300 IOL removal, AV 2/86 20/ 100 2 
17 30 Hand motion PK and IOL removal 8/83 20/200 32 Graft failed 
20/300 IOL removal 6/84; 
PK 1/85; lysis of 
adhesions 5/85 
20 64 6/400 PK and IOL removal, AV 20/200 4 
10/85 
22 29 6/400 PK and IOL exchange, AV 20/200 2 
3/86 
23 41 Hand motion IOL removal 2/84; PK 20/40 16 
8/84 
24 43 Count fingers PK and IOL exchange, AV 20/ 100 5 
8/85 
25 1 Count fingers Multiple surgical peripheral 20/60 1 Pss ha 
iridectomies 
26 23 20/300 PK and IOL removal, AV 20/400 14 
3/85 
28 42 20/400 PK and IOL exchange, AV 20/100 9 
1/85 
29 29 20/50 PK and IOL exchange, AV 20/70 4 
12/85 
30 45 Hand motion PK, AV 8/83; PK and IOL 20/400 20 
removal 4/85 
31 37 Count fingers PK and IOL removal 7/85 20/200 3 
32 22 20/200 PK and IOL exchange, AV 20/30 12 
10/84 
33 30 20/40 IOL removal 7/85; PK, AV 20/70 1 
5/86 
34 22 20/ 100 IOL exchange 1/85 20/80 15 € 
36 37 20/40 IOL removal, AV 3/85 20/20 2 
38 41 20/400 PK and IOL exchange, 20/100 4 
12/85 
39 36 10/400 PK and IOL exchange, AV 20/400 1 Retinal detachment 6/83 
4/86 
41 54 20/400 PK and IOL exchange 2/86 20/70 1 
42 23 Hand motion PK and IOL exchange 6/84 12/400 16 
47 2 10/400 IOL removal 10/81; PK 20/100 13 FA showed CME 5/86 
4/85 
48 12 20/400 PK and IOL removal, AV 6/400 18 
9/83 
49 48 20/60 IOL removal 12/85 20/80 2 TA 
51 14 20/400 IOL removal 3/84 20/25 24 Glaucoma 
52 24 2/400 IOL removal 9/83; PK and 20/40 22 i -— 


IOL, AV 2/84 


i '*|JOL indicates intraocular lens; PK, penetrating keratoplasty; AV, anterior vitrectomy; and CME, cystoid macular edema. 
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surgery and in the postoperative peri- 
od and does not assure good visual 
outcome.**’ The corneal endothelial 
reserve is undoubtedly diminished in 
these eyes because of previous surgery 
and the subsequent, chronic low-grade 
intraocular inflammation. Removal of 
the implant from such eyes often 
results in corneal endothelial decom- 
pensation with the need for corneal 
transplantation at a later date. In 
addition, attempts to remove this type 
of implant can result in serious 
intraocular damage, including bleed- 
ing, creation of an iridodialysis, or 
total avulsion of the iris at its root. 
We recommend lens exchange or 
removal, with limited anterior vitrec- 
tomy when necessary, if visual loss 
accompanies (1) progressive endothe- 
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lial cell loss or (2) persistent cystoid 
macular edema or uveitis that is 
refractory to medical therapy. Cur- 
rently we are replacing these IOLs 
with posterior chamber IOLs sutured 
to the iris. In eyes with obvious corne- 
al edema or central corneal thickness 
greater than 0.65 mm, a penetrating 
keratoplasty should be performed as 
part of the initial procedure. 
Closed-loop semiflexible anterior 
chamber IOLs that are still marketed 
include the Americal IOL Interna- 
tional 100-AC, the Cileo CH1-CH5 and 
L1-L5 (Optiflex), the CooperVision 
IOL 600, and the Surgidev Leiske-10. 
IOLA B voluntarily withdrew the Azar 
91Z lens from the market in August 
1983 because of its high complication 
rate. We have noted an increasing 
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Penetrating Keratoplasty for 
Pseudophakic Corneal Edema With 


Exchange of Intraocular Lenses 


George O. Waring III, MD; R. Doyle Stulting, MD, PhD; Debra Street, MPH 


@ We studied one eye in each of 25 
consecutive patients with pseudophakic 
corneal edema. Each patient underwent a 
penetrating keratoplasty with exchange 
of intraocular lenses and was followed up 
for 12 to 38 months (mean, 18.7 months). 
The corneal graft remained clear in 22 
(88%) eyes, but only eight eyes (32%) had 
acuity of 20/40 or better; nine eyes (36%) 
manifested cystoid macular edema, and 
six eyes (24%) had degenerative macu- 
lopathy. Elevated intraocular pressure 
was present in 12 eyes after surgery, with 
three eyes manifesting visual field loss; in 
all eyes the condition was controlled med- 
ically. Peripheral anterior synechiae 
appeared postoperatively in two eyes. We 
now treat severe cases of pseudophakic 
corneal edema with a penetrating kerato- 
plasty, meticulous anterior vitrectomy, 
gonioplasty, iridoplasty, and exchange of 
intraocular lenses, employing a flexible- 
loop anterior chamber lens or a posterior 
chamber lens sutured to the iris. 

(Arch Ophthalmol 1987; 105:58-62) 


Pseudophakic corneal edema is the 
most common indication for pene- 
trating keratoplasty in the United 
States. We have previously reported 
the results at Emory University, 
Atlanta, of keratoplasty in patients 
with pseudophakic corneal edema 
from whom the intraocular lens was 
removed and who were left aphakic? 
and in those patients who retained the 
intraocular lens? Other authors have 
reported similar series of cases. 

Herein, we detail our experience 
with penetrating keratoplasty and the 
exchange of intraocular lenses for the 
treatment of pseudophakic corneal 
edema. 


PATIENTS AND METHODS 
Patient Population 


We studied retrospectively the clinical 
records of one eye in each of the first 25 
consecutive patients with pseudophakic 
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corneal edema who underwent a penetrat- 
ing keratoplasty with exchange of intra- 
ocular lenses by one of three surgeons in 
the Department of Ophthalmology, Emory 
University, between June 1980 and Sep- 
tember 1984. Fifty-six percent of the 
patients were women. The age of the 
patients ranged from 41 to 88 years. One 
patient was unavailable for follow-up six 
months after surgery, at which time he 
had a clear graft and 20/50 corrected 
visual acuity. The remaining 24 patients 
were followed up for 12 to 38 months 
(mean, 18.7 months; SD, 6.4 months) after 
surgery. The data reported herein were 
collected at the most recent examination. 


Surgical Technique 


We computed the power of the exchange 
intraocular lens from either (1) the power 
of the initial intraocular lens and the 
residual refractive error before corneal 
decompensation or (2) the Sanders-Retz- 
laff-Kraff formula, using the average post- 
operative central keratometry reading 
obtained by the surgeon from a previous 
series of penetrating keratoplasties and 
the axial length of the eye to receive sur- 
gery.^ 

The donor cornea was removed from 
modified MeCarey-Kaufman medium, in 
which it had been stored for less than 36 
hours at 4?C, and a new disposable tre- 
phine, 0.5 mm larger in diameter than the 
host trephine, was used to punch out the 
donor button from the endothelial side. 
The diameter of the trephine used on the 
host ranged from 7.0 to 8.5 mm (7.5 mm in 
52% of cases). 

The pupil was neither constricted nor 
dilated before surgery. After the surgeon 
sutured a Goldman-McNeil or Flieringa 
scleral ring to the globe and removed the 
central host button with a new disposable 
trephine and corneal scissors, he per- 
formed the following procedures: (1) ante- 
rior vitrectomy using the suction-aspira- 
tion tip of a mechanical vitrectomy instru- 
ment (22 eyes); (2) removal of the intraocu- 
lar lens by amputating the haptics and 
sliding the lens loops through tunnels 
formed by iris adhesions, when necessary 
(all eyes); (3) separation of anterior iris 
adhesions using a dental mirror for intra- 
operative gonioscopy, blunt and sharp dis- 
section, and sodium hyaluronate and/or 
underwater diathermy to control bleeding 
(seven eyes); (4) iridoplasty with 10-0 poly- 
propylene suture on a round needle to close 
iridectomies and to tether the iris in its 
plane (four eyes); and (5) insertion of a new 


intraocular lens (all eyes) (Table 1). 

Suturing techniques for the keratoplasty 
included a single running 10-0 nylon suture 
(four eyes), two running 10-0 nylon sutures 
(one eye), double running 10-0 and 11-0 
nylon sutures (two eyes), and a combina- 
tion of 12 or 16 interrupted 10-0 nylon 
sutures with a single running 11-0 nylon 
suture (18 eyes). The donor epithelium was 
removed from four of the eyes with a 
cellulose sponge, which was the practice of 
one of the surgeons. At the conclusion of 
surgery, subconjunctival soluble cortico- 
steroids and antibiotics were adminis- 
tered. 


Postoperative Management 
and Examination 


After surgery, tapering doses of topical 
corticosteroids and antibiotics were ad- 
ministered, with most patients being 
maintained on a regimen of a daily dose of 
topical corticosteroids indefinitely. The 
surgeon removed sutures as deemed appro- 
priate for each patient. 

Best visual acuity was obtained with 
spectacle correction. A clear graft was 
defined as the absence of stromal and 
epithelial edema by slit-lamp microscope 
examination. Intraocular pressure was 
measured with a Goldmann applanation 
tonometer or a pneumotonometer. 

We examined all maculae with either a 
direct ophthalmoscope or a fundus contact 
lens, diagnosing cystoid edema if micro- 
cysts were present and degenerative macu- 
lopathy if periretinal fibrosis, drusen, or 
pigment dispersion were present. In six 
eyes the clinical examination of the macula 
was unsatisfactory and intravenous fluo- 
rescein angiography was performed. 


RESULTS 
Preoperative Findings 


The average interval between the 
original intraocular lens implantation 
(21 eyes with primary implantation, 
four eyes with secondary implanta- 
tion) and the penetrating keratoplas- 
ty was 33.8 months (range, four to 72 
months). The original intraocular lens 
was an anterior chamber lens in 13 
eyes and an iris-supported lens in 12 
eyes (Table 2). 

All eyes had moderate to severe 
central corneal edema and a best cor- 
rected visual acuity of 20/80 or worse. 
Five eyes had cystoid macular edema 
documented by the referring ophthal- 
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| Table 1. — Style of Intraocular*Lens Inserted at Time of Penetrating Keratoplasty 
in 25 Consecutive Eyes With Pseudophakic Corneal Edema 


Style of Lens No. Inserted 


„Anterior chamber 
Coburn 120 Feaster-Dualens 


American Medical Optics AC-21 Kelman Omnifit 


IOLAB 91Z Azar" 


American Medical Optics AC PC 55 Pannu* 


dris-s 
IOLAB 61 Worst Medallion * 
Posterior chamber — 
IOLAB 707B Sinskey 
Precision-Cosmet Pearce Tripod 


*Lens styles we do not currently use. 





Table 3.—Results of Penetrating Keratoplasty in Four Selected Series 
of Eyes With Corneal Edema After Cataract Surgery 


IOL No. of 
Surgery * Eyes 
Ld IOL exchanged 


Kozarsky et-al,? 
1984 IOL retained 


Waring et ai? IOL removed 
1983 None 


*IOL indicates intraocular lens. 


woe 





Postoperative 
Cystoid or 
Degenerative 
Maculopathy, 
No. (%) of Eyes 
12 (48) 


No. (%) of 
Clear 
Grafts 


Mean 


12 (46) 
15 (43) 
19 (22) 


Table 4.—fFinal Corrected Visual Acuity in Four Series of Eyes With Clear Penetrating 
Keratoplasties for Corneal Edema After Cataract Surgery * 


No. of Eyes 
With Clear Grafts 


IOL Surgery 
IOL exchanged 
IOL retained 
IOL removed 


Source, y 
Present study 
Kozarsky e: al,? 1984 
Waring et ai,? 1983 





Acuity, No. (%) of Eyes 
= OOO 
20/20- 20/50- 20/200 
20/40 20/100 or Worse 


8 (36) 10 (46) 4 (18) 

8 (38) 6 (29) 7 (33) 

5 (17) 18 (60) 7 (23) 
22 (33) 39 (59) 5 (8) 


* Eyes in each series were not assigned by a randomization protocol and, therefore, results are not directly 


comparable. IOL indicates intraocular lens. 


mologist before the keratoplasty. The 
intraocular pressure in all eyes was 
less than 22 mm Hg before surgery, 
with six eyes requiring glaucoma 
medications. 

Indications for removal of the 
intraocular lenses included malposi- 
tion or excessive movement (nine 
eyes), chronic or episodic intraocular 
inflammation (eight eyes), metal loop 
intraocular lens (one eye), excessive 
peripheral anterior synechiae (four 
eyes), and unspecified reasons (three 
eyes). 


intraoperative Findings 


Twenty eyes had vitreous prolaps- 
ing into the pupil and around the 
intraocular lens implant, requiring an 
anterior vitrectomy. Removal of the 
intraoeular lens involved separation 
of peripheral anterior synechiae in 
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seven eyes, separation of adhesions 
between the iris pigment epithelium 
and the posterior lens loops in six 
eyes, and amputation of the lens loops 
with scissors in 12 eyes. Previous iri- 
dectomies and one sphincterotomy 
produced by the vitrectomy instru- 
ment were closed with 10-0 polypro- 
pylene sutures. The style of intra- 
ocular lenses implanted included 21 
anterior chamber lenses, two iris-sup- 
ported lenses, and two posterior 
chamber lenses (Table 2). 


Graft Clarity, Refraction, 
and Visual Acuity 


During the follow-up period, 22 
(88%) of the transplants remained 
clear (Table 3). Three grafts opaci- 
fied—one from fungal endophthalmi- 
tis, one from corneal perforation in a 
patient with tear deficiency, and one 





Table 2.—Style of Intraocular 
Lens Removed During Penetrating 
Keratoplasty in 25 Consecutive Eyes 
With Pseudophakic Corneal Edema 


No. 
Style of Lens | Removed 


Anterior chamber 
Choyce style 
Leiske 
Azar 91Z 
Stableflex 
Iris-supported 
Binkhorst 2- or 4-loop 
Copeland Maltese Cross 
Fyodorov Sputnik 
Worst Medallion 


from persistent contact with a medal- 
lion intraocular lens that was one of 
the two iris-plane lenses implanted 
during keratoplasty. 

The mean spherical equivalent of 
the most recent manifest refraction 
was —1.28 diopters (SD, 3.50; range, 
—11.12 to +4.75); ten (40% ) of the eyes 
had a refraction within +2.00 D of 
emmetropia. Corneal astigmatism as 
measured by central keratometry 
showed a mean of 4.05 D (SD, 3.21; 
range, 0.25 to 12.00). Because most 
eyes had some corneal sutures in place 
at the time of these measurements, 
the refractions and visual acuities 
may be different when all sutures are 
removed. 

Of the eyes with clear grafts, a best 
corrected visual acuity of 20/40 or 
better was obtained in eight eyes 
(36% ), 20/50 to 20/100 in ten eyes 
(46% ), and 20/200 or worse in four 
eyes (18%) (Table 4). Of the 17 eyes 
that did not achieve a visual acuity of 
20/40 or better, three had opacified 
grafts, two had a paracentral scotoma 
from glaucoma, and 12 (48%) had 
macular abnormalities. 


Cystoid and Degenerative Maculopathy 


Cystoid macular edema was the 
most common cause for decreased 
visual acuity after surgery; it occurred 
in nine eyes, with four showing small 
macular cysts by ophthalmoscopy and 
five showing foveal pooling of dye by 
fluorescein angiography. Five of these 
nine eyes with cystoid macular edema 
underwent an intraocular lens ex- 
change because of chronic or episodic 
intraocular inflammation, and one of 
these eyes had a large amount of 
retained lens cortex. 

Two eyes manifested the macular 
drusen and pigment disruption of 
degenerative maculopathy, three had 
periretinal fibrosis in the form of an 
epiretinal membrane, and one had a 
large atrophic scar. Three of these six 
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eyes had a visual acuity of 20/40 or 
better. 


Elevated Intraocular Pressure and 
Peripheral Anterior Synechiae 


Twelve (48%) of the eyes had an 
intraocular pressure persistently 
greater than 22 mm Hg after surgery; 
five of these eyes had documented, 
preexisting elevated intraocular pres- 
sure and three eyes demonstrated 
visual field defects. All 12 eyes were 
successfully treated with combina- 
tions of topical and oral antiglaucoma 
drugs; none required cyclocryothera- 
py, laser trabeculoplasty, or filtering 
surgery. Three eyes had elevated 
intraocular pressure before the pene- 
trating keratoplasty (one with chronic 
iridocyclitis, one with a dislocated 
intraocular lens, and one with both 
chronic iridocyclitis and a dislocated 
lens) but normal intraocular pressure 
postoperatively. 

Peripheral anterior synechiae visi- 
ble without a goniolens appeared in 
two eyes postoperatively, neither of 
which had demonstrated visible syne- 
chiae anterior to Schwalbe’s line pre- 
operatively or intraoperatively. One 
of these eyes showed 60° of stable 
adhesions; the other showed progres- 
sive closure of the angle that pushed 
the medallion lens against the graft 
and resulted in graft failure. 


Endophthalmitis and Corneal Perforation 


Two eyes developed severe postop- 
erative complications. One developed 
an abscess around a suture with 
resulting Candida parapsilosis en- 
dophthalmitis, which led to no light 
perception. The other eye, with kera- 
toconjunctivitis sicca, developed a 
persistent epithelial defect that led to 
corneal perforation and an emergency 
repeated penetrating keratoplasty 
that was technically successful. 


COMMENT 


The authors of 15 clinical studies of 
keratoplasty for pseudophakic corneal 
edema??*'* and we agree on the follow- 
ing major findings: (1) Pseudophakic 
corneal edema is irreversible and 
removal of the intraocular lens rarely 
eliminates the edema. (2) Pseudo- 
phakic corneal edema is currently the 
most common indication for penetrat- 
ing keratoplasty in the United States. 
(3) Pseudophakic corneal edema 
appears an average of two years after 
cataract surgery. (4) Prompt kerato- 
plasty in these cases possibly dimin- 
ishes the severity of cystoid macular 
edema. (5) Corneal grafts remain 
clear in over 80% of eyes approxi- 
mately one year after surgery. (6) 


60 Arch Ophthalmol—Vol 105, Jan 1987 


Visual acuity of 20/40 or better occurs 
in less than half of the eyes. (7) The 
most frequent causes of poor visual 
acuity are maculopathy (cystoid ede- 
ma and senile degeneration) and glau- 
coma. 


Intraoperative Management of the 
Intraocular Lens 


In the 1970s and early 1980s, many 
surgeons treated pseudophakic corne- 
al edema by removing the intraocular 
lens during penetrating keratoplasty, 
either because the lens produced com- 
plications, such as the uveitis-glauco- 
ma-hyphema syndrome, or because it 
was technically difficult to suture the 
donor button over the implant safe- 
ly.2°!° The advent of sodium hyaluro- 
nate, oversized donor buttons, and 
improved implant design fostered 
retention of the intraocular lens, often 
resulting in the preservation of good 
structure and function in the eye. 
Presently, we (and many other sur- 
geons) prefer to exchange intraocular 
lenses or to implant a lens in an 
aphakic eye during penetrating kera- 
toplasty. 

Neither our experience nor that 
published by others offers a consensus 
on whether to retain, remove, or 
exchange the intraocular lens during 
keratoplasty. Meyer and Sugar’ and 
Schanzlin and colleagues! made no 
recommendation, since they found no 
difference between eyes with reten- 
tion or removal of the implant; 
Arentsen and Laibson, Waltman,” 
Terry and colleagues, Kozarsky and 
colleagues? Taylor and colleagues," 
and Samples and Binder? recom- 
mended retention of the implant, but 
Binder* later recommended exchange 
of intraocular lenses. Polack’ implied 
that removal of the implant is prefer- 
able. Sugar and colleagues’? studied 
the effect of intraocular lenses on the 
endothelium of a penetrating kerato- 
plasty done for pseudophakic corneal 
edema and recommended removal of 
iris-fixated lenses and problematic 
anterior chamber lenses but retention 
of posterior chamber lenses and well- 
tolerated anterior chamber lenses. 
They emphasized that recommenda- 
tions will vary as intraocular lens 
styles and popularity change. 

Direct comparison of findings 
among these authors and among dif- 
ferent surgical groups within a single 
study is not valid* because the study 
populations differ in many important 
respects. First, the duration and 
severity of corneal edema, iridocycli- 
tis, glaucoma, cystoid macular edema, 
intraocular lens dislocation, and 
hyphema were not described by the 


authors. Eyes having few of these 
complications over a short time are 
likely to have better results than 
those with many complications of long 
duration. Second, the criteria for re- 
tention, removal, or exchange of in- 
traocular lenses are not usually speci- 
fied. Generally, eyes from which an 
intraocular lens is removed (with or 
without exchange) have had more se- 
vere complications than eyes in which 
the lens is retained; therefore, the 
outcome of surgery in these two groups 
cannot be compared directly. Third, 
surgical techniques are not described 
in detail, may vary from one surgeon to 
another, and often change over time 
for individual surgeons. For example, 
some surgeons perform a simple ante- 
rior vitrectomy with cellu-lose sponges 
and scissors or with a disposable 
vitrectomy instrument, while others 
perform additional meticulous remov- 
al of vitreous from the iris surface and 
anterior chamber angle. Such differ- 
ences in technique probably affect the 
outcome. Finally, clearly defined crite- 
ria for the diagnosis of graft clarity, 
glaucoma, and cystoid macular edema 
are usually lacking. 

The surgeon must, therefore, rely 
more on clinical judgment than on 
published data to determine the man- 
agement of individual cases of pseudo- 
phakic corneal edema. We offer guide- 
lines based on our experienee and the 
observations of other authors. 


We suggest retention of an intra- 
ocular lens for the following indica- 
tions: (1) it is in a stable, desirable 
position that will not allow contact 
with the corneal transplant, particu- 
larly if it is in the posterior chamber 
with the vitreous behind it; (2) it is 
not associated with intraocular 
inflammation, progressive peripheral 
anterior synechiae, or vitreous in the 
anterior chamber; (3) a documenzed 
examination of the macula after the 
original cataract surgery shows no 
cystoid edema; and (4) the power of 
the intraocular lens is correct. 

Retention of the intraocular lens 
under these ideal circumstances will 
avoid the increased manipulation 
required for removal or exchange of 
intraocular lenses and can result in a 
reasonable visual outcome, 2s we doc- 
umented in a previous study.’ 

In patients with a history of mild, 
nonrecurrent inflammation, with 
minimal prolapse of vitreous into the 
anterior chamber, with a few periph- 
eral anterior synechiae, or with a 
questionable history of cysteid macu- 
lar edema, the surgeon must make a 
judgment on whether to retain or 
remove the intraocular lens. 
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We suggest removal of the intraocu- 
lar lens at the time of penetrating 
keratoplasty if any of the following 
conditions are met: (1) it is the cause 
of chronic iridocyclitis or ocular ten- 
derness; (2) it is dislocated or touches 
the cornea; (3) it is associated with 
distortion, erosion, or extensive atro- 
phy of the iris; (4) it is a style associ- 
ated with frequent complications such 
as iris-supported or certain closed- 
loop anterior chamber lenses; (5) it is 
associated with extensive peripheral 
anterior synechiae, especially if the 
intraocular pressure is elevated; (6) it 
is entangled with the vitreous; or (7) 
the power of the implant is improp- 
er. 
Intraocular lens removal without 
replacement requires correction of the 
aphakia with a contact lens or with 
spectacles, each with its known disad- 
vantages.” Therefore, we suggest 


intraocular lens exchange, an opinion 
supported by the technical success in 
our patients’ 25 eyes as well as by the 
following authors: Binder and Sam- 
ples,‘ who reported similar results in 
eyes with the intraocular lens 
removed and eyes with the intraocu- 
lar lens exchanged; Insler and col- 
leagues,” who reported no difference 
in graft thickness and corneal endo- 
thelial cell density in aphakic and 
pseudophakic eyes; and Sugar and col- 
leagues,* who found the endothelial 
cell loss one year after penetrating 
keratoplasty to be similar to that for 
intraocular lens exchange, retained 
posterior chamber intraocular lenses, 
and removed, iris-fixated intraocular 
lenses. 

Selection of the best style of intra- 
ocular lens for exchange from the 
dozens available is difficult because 
long-term follow-up reports on con- 
secutive series of eyes are not pub- 
lished for each style, because unfor- 
seen complications can arise after 
some styles are approved for clinical 
use, and because improvements in 
lens materials and design occur con- 
stantly. In the series reported herein, 
we used some lens styles that we 
would not use now, including the Azar 
IOLAB 91Z, Pannu AMO AC-PC 55, 
and Worst iris-supported medallion. 
At the time of this writing, we pre- 
ferred a single-piece anterior cham- 
ber lens that had flexible, easily 
implantable loops that fit anterior 
chambers of different diameters, lay 
in a single plane, had no vaulting on 
compression, provided gentle contact 
at the scleral spur without migration 
or erosion of tissue, and had minimal 
propensity for the formation of 
peripheral anterior synechiae. The 
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“multiflex” styles fulfill these crite- 
ria?! 

In eyes with a shallow anterior 
chamber, persistent peripheral ante- 
rior synechiae, or damage to the 
angle, we prefer to place a Pearce 
tripod lens with three equal-length 
haptics in the posterior chamber and 
suture it to the iris. Pearce? has 
described the variants of this tech- 
nique, and Drews? has independently 
reviewed a series of Pearce's patients, 
finding the lens to be well tolerated 
after extracapsular cataract extrac- 
tion. We have found no excess intrao- 
cular inflammation or iris damage 
after the use of this lens in a small 
number of eyes that had undergone 
vitrectomy. By avoiding contact with 
the mobile iris border at the pupil, 
these lenses avoid the problems previ- 
ously reported for  pupil-fixated 
lenses. Muenzler and Hall* and Drews 
(R. C. Drews, MD, personal communi- 
cation, October 1985) have successful- 
ly sutured flexible-loop posterior 
chamber intraocular lenses to the pos- 
terior iris in aphakic eyes after vitrec- 
tomy. 


Selection of Intraocular Lens Power 


The power of the intraocular lens 
must minimize residual ametropia. As 
we‘ and Binder? have emphasized, the 
surgeon should employ the average 
corneal curvature obtained from his 
or her previous series of penetrating 
keratoplasties, the axial length of the 
globe, and the correct A constant in 
the preoperative calculation of intra- 
ocular lens power. 


Surgical Techniques 


Clinical?’ and histopathologic?*^? 
studies have documented extensive 
derangement of the anterior ocular 
segment in some eyes with pseudo- 
phakic corneal edema. Our experience 
in the present and previous series of 
cases? suggests that a meticulous 
reconstruction of the anterior ocular 
segment, including penetrating kera- 
toplasty, anterior vitrectomy, gonio- 
plasty, iridoplasty, and intraocular 
lens exchange, produces a more satis- 
factory anatomic outcome and may 
decrease the incidence of postopera- 
tive cystoid macular edema, progres- 
sive peripheral anterior synechiae, 
and glaucoma, a contention that 
requires confirmation from prospec- 
tive clinical trials. 


Cystoid Macular Edema and 
Degenerative Maculopathy 


The most frequent cause of 
decreased visual acuity after pene- 
trating keratoplasty for pseudophakic 


corneal edema is maculopathy, both 
cystoid and degenerative, which 
occurred in 43% to 48% of patients in 
our three series (Table 3) and in 25% 
to 61% of patients in other published 
series?! Preoperatively, the cor- 
neal edema usually prohibits careful 
inspection of the macula. Both the 
surgeon and the patient must be 
aware that macular disease? may be 
present or may be induced by the 
keratoplasty and intraocular lens sur- 
gery. We did not systematically moni- 
tor the course of macular edema in 
our patients but in some eyes we 
observed a disappearance of the cys- 
toid macular edema after keratoplas- 
ty and reconstructive surgery; this 
was especially true for eyes from 
which chronic inflammation and ana- 
tomic derangement had been elimi- 
nated. 

Although the visual acuity re- 
mained poor postoperatively for eyes 
with persistent maculopathy, these 
patients’ visual function improved 
greatly, particularly in those patients 
who were able to use low-vision aids. 
In addition, some patients whose 
visual function remained unchanged 
by surgery stopped suffering from the 
chronic pain of iridocyclitis and bul- 
lous keratopathy. 

There are no completely successful 
methods for the prevention or man- 
agement of cystoid macular edema. 
Removal of vitreous from the anterior 
chamber and from incarceration in 
limbal and corneal wounds can reduce 
cystoid macular edema. Even 
though vitrectomy at the time of ker- 
atoplasty for aphakic corneal edema 
may increase the prevalence of cystoid 
macular edema, we believe that the 
damage done by vitreous chronically 
rubbing on the iris or pulling on the 
macula is greater than that induced 
by a careful vitrectomy with a cut- 
ting-aspiration instrument. If the 
hyaloid face or posterior capsule 
remain intact, we avoid vitrectomy. 

Future studies will determine 
whether the increased manipulation 
of the iris, which we advocate, reduces 
or exacerbates cystoid macular ede- 
ma. 


Elevated Intraocular Pressure and 
Peripheral Anterior Synechiae 


Many patients with pseudophakic 
corneal edema have an elevated 
intraocular pressure fer a variety of 
reasons, including chrcnic open angle 
glaucoma, peripheral anterior syne- 
chiae that occlude the trabecular 
meshwork, and chronic iridocyclitis. 
Before keratoplasty, the intraocular 
pressure should be maintained near 
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the normal level with medical thera- 
py, filtering surgery, or cyclocryother- 
apy. The surgeon can decrease the 
incidence of postoperative elevated 
intraocular pressure” by performing 
a gonioplasty, using an oversized 
donor button, and tying sutures with 
minimal tension to reduce angle com- 
pression. 

After surgery, measuring the 
intraocular pressure often requires a 
pneumotonometer. Elevated intraocu- 
lar pressure can be lowered by the use 
of fluoromethalone or medrysone 
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instead of prednisolone or decadron in 
eyes with corticosteroid-induced pres- 
sure rises. Antiglaucoma drugs, laser 
trabeculoplasty (W. S. Van Meter, 
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therapy may also reduce the intraocu- 
lar pressure. 

Progressive peripheral anterior 
synechiae can contribute to postoper- 
ative glaucoma% and to graft fail- 
ure." We agree with Cohen and col- 
leagues? that reconstruction of the 
anterior chamber angle by gonioplas- 
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Why Do Some Epikeratoplasties Fail? 


Perry S. Binder, MD, Edward Y. Zavala 


@ We performed a morphologic analy- 
sis of nine epikeratoplasty lenticules that 
were remcved due to nonhealing epitheli- 
al defects interface opacity, and/or haze 
of the donor lenticule. Structural abnor- 
malities were found in all layers of the 
donor lenticules, with the major changes 
being present in the surface epithelium 
and Bowrran's layer. Significant changes 
in the stromal collagen were documented. 
Similar changes were found in a previous 
analysis c* never-used, factory-prepared 
lenticules that had been prepared follow- 
ing the use of a corneal press and a 
lyophiliza&on process. This study sug- 
gests that the presently used process of 
tissue preparation may be deleterious to 
the structure of the donor lenticule and 
may adversely affect surface reepithelial- 
ization. Tae placement of the lenticule 
above the recipients Bowman layer may 
be an adcitional retardant to postopera- 
tive reepitnelialization. 

(Arch Gohthalmol 1987;105:63-69) 

| 

here are three types of corneal 

transplantation: lamellar kerato- 
plasty, penetrating keratoplasty, and 
onlay lamellar keratoplasty. Epikera- 
toplasty, an onlay lamellar procedure, 
is a relatively new form of corneal 
transplantation that is used to correct 
various refractive errors.'? The donor 
tissue can be prepared the day of 
surgery fresh tissue); it can be pre- 
pared several days or weeks before 
surgery and maintained in a frozen 
state (frozen tissue) or it can be 
cryolathed and freeze-dried weeks to 
months preceding surgery (freeze- 
dried tissue). The freeze-dried tissue 
is presencly being used in a multicent- 
er clinical trial to evaluate the safety 
and efficacy of epikeratoplasty in the 
United States.’ 
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The mechanisms of corneal failure 
following lamellar and penetrating 
keratoplasty have been defined (Table 
1). Because of limited experience with 
epikeratoplasty, there have been a few 
published reports documenting com- 
plications; the major clinical compli- 
cations have been related to problems 
with reepithelialization of the ocular 
surface.*'? In a recent study, we found 
morphologic abnormalities in unused, 
factory-prepared, freeze-dried lenti- 
cules and in one clinical specimen 
prepared from a freeze-dried donor 
cornea To obtain a better under- 
standing of the mechanism(s) of fail- 
ure following epikeratoplasty, we 
examined several epikeratoplasty but- 
tons obtained following surgery. 


MATERIALS AND METHODS 


Seven lamellar epikeratoplasty lenti- 
cules and two penetrating keratoplasty 
specimens containing an epikeratoplasty 
lenticule were studied. The fixed specimens 
were thoroughly rinsed in 0.1M cacodylate 
buffer, postfixed in 3% glutaraldehyde- 
3% paraformaldehyde in 0.1% cacodylate 
buffer for a minimum of two hours, and 
subsequently placed in 2% osmium tetrox- 
ide and processed for electron microscopy 
according to previously published tech- 
niques.**!° The specimens for cases 2 and 3 
were received in a membrane-stabilizing 
eryoprotective agent (300 mOsm) (Histo- 
con), a tissue preservative that requires an 
optimum temperature of +4°C to maintain 
ultrastructural integrity. Unfortunately, 
this temperature was not maintained and 
therefore only light microscopic evaluation 
was possible. The specimen for patient 9 
was received embedded in a paraffin block, 
which was subsequently resectioned and 
stained. Those for patients 1, 4, 5, 6, and 8 
were received in 1% glutaraldehyde, and 
the specimen for patient 7 was received in 
a 4% formaldehyde solution. Specimen fix- 
ation in a 4% formaldehyde solution has 
been shown to be reversible; subsequent 
fixation in glutaraldehyde can maintain 
ultrastructural integrity in most cases.” 
When electron microscopy was performed, 
measurements of various cell layers, colla- 
gen fibril diameter, and interfibrillar dis- 
tance were performed according to previ- 
ously described techniques.*'? 


Table 1.—Mechanisms of Failure of 
Corneal Transplantation 


Endothelial cell dysfunction 
Poor donor tissue 
Immune rejection 
Acute or chronic inflammation 
Glaucoma 

Surgical trauma (intraocular lens, iris, lens) 
Late failure (chronic cell loss) 

Corneal opacification 
Neovascularization, scar 
Recurrent disease in donor 
Interface opacity 
Infectious process 

Corneal melting, perforation 

Chronic epithelial disease 













REPORT OF CASES 


Case 1.— This case has been previously 
reported.^ Data are summarized in Table 
2. 

CasE 2.—A 27-year-old man was first 
seen in March 1985. His refractive error 
was —9.50 +2.25 x55 (20/40) OD and 
—13.50 +1.75 X105 (20/40) OS. The patient 
refused to wear glasses because of signifi- 
cant peripheral visual aberrations; he was 
also unable to wear a contact lens. The left 
keratometry readings were irregular but 
approximated 43.00 x 10/45.00 x 100. Be- 
cause the thinnest centra! corneal thick- 
ness was 0.445 mm, the surgeon performed 
a left epikeratoplasty procedure for myo- 
pia on May 14, 1985, using a donor cornea 
from a 54-year-old man, with a death- 
to-utilization time of five days. The corneo- 
scleral rim was removed ?rom the whole 
globe and placed in a corneal press" for one 
hour, reducing the central thickness to 0.50 
mm. An 8-mm-diameter disc obtained by 
trephination was placed in a mixture of 
100% glycerin and kiton green (modified 
KM-26)" for one minute. The cornea was 
then placed on the cryolathe for a total 
freezing time of 456 s. The Myopia Unifica- 
ta computer program for keratomileusis 
was used to determine the lathe parame- 
ters. The lenticule was thawed in 100% 
glycerin for two minutes and placed in 
fresh MeCarey-Kaufman medium over- 
night at +4°C and used the following 
morning for surgery. The tissue used in 
this case was prepared differently than the 
tissue currently used in a national, multi- 
center clinical study. 

The procedure was perfermed according 
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1/36/M Frozen-tissue epikeratoplasty; intracapsular Lenticule clear; poor best Irregular thickness; bends :n donor BL; 
cataract extraction; penetrating corrected visual acuity lenticule hypocellular; stroma 
keratoplasty disrupted; electron-dense material 

within donor and recipient stroma 
and interface 


2/27/M Fresh-tissue epikeratoplasty for myopia; Poor reepithelialization; stromal Thin hyperplastic epithelium; BL 
removed after 2 mo melting absent; stroma acellular: large 
interlamellar spaces 


3/65/M Kerato-Lens for aphakia; removed after 2 mo Poor reepithelialization Thin hyperplastic epithelium where 
present; breaks, bends, and folds in 
BL; stroma hypocellular 


4/52/F Kerato-Lens for myopia; removed after 3 mo Poor reepithelialization; Thin hyperplastic epithelium; focal BL 
peripheral lenticule melting erosion; basal lamina duplication; 
hypocellular stroma; disrupted 
stromal fibril lattice array; large 


interlamellar spaces 


5/77/F Kerato-Lens for aphakia; removed after 1 mo Poor reepithelialization; Poorly differentiated epithelium; focal 
lenticule melting areas of depression in BL; 
hypocellular stroma with occasional 
keratocytes 


6/6 mo/F Kerato-Lens for aphakia; removed after 6 mo Opacification and 7 to 12 layers of epithelium with focal 
vascularization electron-dense granular material; BL 
absent; undulating basement 
membrane; hypercellular. 
vascularized stroma; epithelium at 
posterior interface; disrupted stromal 
fibril lattice array 


7/38/M Kerato-Lens for keratoconus; penetrating Focal scarring Lenticule: epithelium and BL 
keratoplasty 12 mo later unremarkable; basal lamina 
duplication; hypocellular stroma with 
disrupted stromal fibril lattice array 


8/43/F Kerato-Lens for myopia; removed after Undercorrection; irregular Irregular epithelial thickness; 
surgery astigmatism Hypocellular stroma; large 
interlamellar spaces; disrupted 
collagen array 
9/75/F Kerato-Lens for aphakia; removed after 2 mo Delayed reepithelialization; Irregular epithelium; undulating BL; 
epithelial interface ingrowth; epithelial ingrowth in interface; 
neovascularization hypocellular stroma 





* Cases 1 and 4 have been previously reported.5 10 
TBL indicates Bowman's layer. 


to epikeratoplasty techniques common at 
that time? Six days later, the recipient 
cornea had completely epithelialized, but 
the central lenticule had not. A bandage 
contact lens and 10% sulfacetamide sodi- 
um drops were used. Steroids were not 
vs used. On May 24, 1985, the patient pre- 
x sented with a 1 X 1-mm central epithelial 
| defect and an edematous lenticule and 
—a RR 7 host. The bandage lens was removed, and 

E tá | stie, RUE e a the patient was treated with a steroid- se 
y | VALDE. zu it i < AEN antibiotic ointment four times a day and 20 
c = mg of oral prednisone daily for three days. 
Over the next five weeks, the patient was 
treated for a chronic, nonhealing epithelial 
defect with various dosages of 10% sulfa- 
cetamide and 1% prednisolone acetate 
drops. On July 9, 1985, the patient pre- 
sented with melting of the donor lenticule, 
which was removed on July 11, two months 
following surgery. Another procedure was 
performed. A similar technique was used, 
with recovery of 20/40 corrected acuity 

with a hard contact lens. 

Light Microscopy.—A thin, eight- to ten- 
layer squamous, hyperplastie epithelium 





Fig 1.—Light micrograph of specimen from case 2 (fresh-tissue epikeratoplasty for myopia). was present across the entire lenticule. A 
Epithelium is thin, with eight to ten cell layers of squamous epithelial cells and with extreme highly basophilic staining reaction was 
basophilic staining. Bowman's layer is absent. Stroma appears acellular, with occasional cell present in the epithelium. Bowman’s layer ad 
remnants within large interlamellar spaces (arrows) (toluidine blue O, original magnification was absent across the lenticuie. The stro- 
X300). ma was acellular with occasional kerato- 
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cyte remnants. Large interlamellar spaces 
containing cellular remnants were eVident 
(Fig 1). 

Case 3.—A 65-year-old man had previ- 
ously undergone an extracapsular cataract 
extraction in September 1982 and recov- 
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ered a best corrected contact lens acuity of 
20/40. The refractive error was 
+12.25 — 2.00 X 15. An  epikeratoplasty 
procedure for aphakia was performed on 
March 1, 1985, with a Kerato-Lens lenti- 
cule of +11.00 diopters power and a base 






= ~ 4 


Fig 2.—Light dan of specimen from case 3 (Kerato-Lens for aphakia). Peripheral edge of 
lenticule is severely disrupted. Basophilic-staining, hyperplastic epithelium varies from two to ten 
cell layers. There is Bowman's layer disruption with bends, folds, and focal areas absent and 
with subepithelial fibrosis (arrows). Few keratocytes are seen in anterior portion of lenticule. 
Large interlamellar spaces and disrupted lamellar pattern is seen (toluidine blue O, original 


magnification X 320). 


Fig 3.—Light micrograph of specimen from case 5 (Kerato-Lens for aphakia). Poorly differenti- 
ated seein iah thick columnar cells (large arrows) and basophilic-staining squamous 


epithelium (sma 


rrows) is present. Bowman's layer is slightly wavy, and stroma is hypocellular, 


with some cell remnants present (toluidine blue O, original magnification X300). Inset, 


Transmission el 


magnification X7 100). 
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ron micrograph of neutrophil within large stromal interlamellar space (original 


curve of 44 D. The surgical technique was 
according to the protocol of a multicenter 
clinical trial? The postoperative course 
was complicated by a nonhealing, epitheli- 
al defect of the paracertral lenticule. 
Sutures were removed on May 25 and June 
10. Despite conservative treatment with- 
out the use of topical steroids, a 2-mm- 
diameter nonhealing epithelial defect per- 
sisted in the paracentral area. The lenti- 
cule was removed 55 days following sur- 
gery, on June 19, 1985. 

Light Microscopy.— The sarface epitheli- 
um was absent over 50% cf the lenticule. 
The remaining epithelium was thin and 
hyperplastic. Breaks, bends. and folds were 
present in Bowman's layer. The stroma 
was hypocellular and contained basophilic- 
staining cell remnants. Large interlamel- 
lar spaces were present. The peripheral 
edge of the specimen was troughlike and 
displayed severe disruption with broken 
and folded fragments of Bowman’s layer 
and subepithelial fibrosis (Wig 2). 

Case 4.— This case has been previously 
reported.? See data in Table 2. 

Case 5.—A  Ti-year-old woman had 
undergone an intracapsular cataract 
extraction with insertion of a Copeland 
iris-plane lens in 1980. She subsequently 
developed pseudophakic builous keratopa- 
thy and in 1983 underwent a corneal trans- 
plant that left the lens in situ. The lens was 
subsequently removed, and the patient was 
fitted with an aphakic contact lens, with 
recovery of 20/40 visual acuity. Because 
she was unable to tolerate tne contact lens, 
she underwent an epikeratoplasty proce- 
dure for aphakia on April £, 1985. A Kera- 
to-Lens lenticule was used, with a pewer of 
+11.00 D, a base curve of 53.50 D, and a 
diameter of 8.5 mm. The recipient epitheli- 
um was removed using absolute alcohol. 
The surgical procedure was performed 
according to the protocol of a multicenter 
clinical trial. The postoperative course was 
complicated by a chronic nonhealing epi- 
thelial defect that did not respond to ban- 
dage lens treatment. A tarsorrhaphy was 
performed, with subsequent melting of the 
lenticule. The lenticule was gently removed 
32 days after surgery, on Jane 10, 1985. 

Light Microscopy.—The epithelium was 
poorly differentiated and of variable thick- 
ness. A focal area of thin, basephilic- 
staining epithelium was present at the 
periphery of the lenticule. Focal areas of 
depression in Bowman’s layer were noted. 
The stroma was hypocellular and showed 
tinctorial changes from the center to the 
periphery (Fig 3). 

Electron Microscopy.—The epithelium 
was irregular in size and shape with swol- 
len endoplasmic reticulum. mitochondria, 
and Golgi’s apparatus. The surface micro- 
villi, desmosomes, hemidesmosomes, and 
underlying Bowman’s layer appeared nor- 
mal. The normal collagen lamellar pattern 
was disrupted throughout the entire lenti- 
cule. Large interlamellar and interfibrillar 
spaces were present. Few intact kerato- 
cytes were seen and these contained dense 
nuclear chromatin, distended endoplasmic 
reticulum, and cytoplasmic filaments. A 
fine, fibrillar collagenous material was evi- 
dent adjacent to the keratoeytes. Oceasion- 
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al neutrophils were seen in the interlamel- 
lar spaces (Fig 3). 

Case 6.—A 6-month-old female infant 
underwent a lensectomy and vitrectomy 
for treatment of persistent hyperplastic 
primary vitreous at age 1 month. The 
patient underwent an epikeratoplasty pro- 
cedure for aphakia on Jan 7, 1985, at 2 
months of age. A Kerato-Lens lenticule 
was used; the lens parameters were not 
available. The procedure was performed 
according to the protocol of a multicenter 
clinical trial.‘ In June 1985, the patient was 
found to have an intraocular pressure of 40 
mm Hg with neovascular glaucoma. The 
lenticule was noted to be opacified, with 
deep blood vessels present surrounding the 
tissue for 360°. The lenticule was removed 
and sent for analysis. 

Light Microscopy.—Epithelial matura- 
tion was abnormal across the entire lenti- 
cule, ranging in thickness from seven to 12 
layers. Bowman’s layer was absent (Fig 4). 
Fibroblastic activity was present immedi- 
ately beneath the epithelium. The stroma 
appeared hypercellular and vascularized; 
the normal lamellar pattern was totally 
disrupted. Epithelium was present in the 
optical interface. 

Electron Microscopy.—The superficial 
epithelial cells had focal areas of a granu- 
lar, electron-dense deposit that corre- 
sponded to an epithelial trough seen histo- 
logically (Fig 5). Remnants of epithelial 
cells were seen within the granular materi- 
al, which appeared to originate in the 
cytoplasm of the superficial epithelial 
cells. The remaining epithelial cells con- 
tained the normal complement of organ- 
elles, but bundles of cytoplasmic filaments 
were evident in a majority of them. Bow- 
man’s layer could not be identified, but an 
undulating, basal lamina was found under- 
neath the epithelium. The stroma con- 
tained blood vessels and active keratocytes 
with cytoplasmic filaments and distended 
endoplasmic reticulum. The normal stro- 
mal pattern was disrupted. 

CaSE 7.—A 38-year-old man with kerato- 
conus and contact lens intolerance under- 
went an epikeratoplasty procedure with a 
plano Kerato-Lens lenticule on June 27, 
1984, according to the standard protocol 
for a multicenter clinical trial. The postop- 
erative course was unremarkable, but by 
November 1984 the patient was noted to 
have developed a haze in the deep stroma 
of the lenticule, without inflammation or 
vascularization. By January 1985, the best 
corrected visual acuity with a contact lens 
and an overrefraction was 20/40. On June 
27, 1984, the patient underwent a penetrat- 
ing keratoplasty. 

Light Microscopy.—Epithelial matura- 
tion and Bowman's layer appeared normal 
across the entire lenticule. The anterior 
lenticule stroma appeared acellular, with 
the posterior stroma appearing hypocellu- 
lar. Bends and breaks were present in the 
recipient Bowman layer, a common finding 
in patients with keratoconus (Fig 6). The 
recipient stroma was unremarkable except 
for a focal area of disrupted collagen in the 
optical center that showed tinctorial stain- 
ing changes. The endothelium appeared 
attenuated. 
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Electron Microscopy.— A normal comple- 
ment of epithelial cells, cytoplasmic organ- 
elles, and desmosomes were present. An 
undulating basal lamina with focal areas 
of duplication was present (Fig 7). The 
donor Bowman layer appeared normal. The 
donor stroma had a disrupted-lattice 
appearance with few intact keratocytes 
and many keratocyte cell remnants. The 
recipient Bowman layer had focal breaks 





with fibroblastic activity within the sites 
of thé breaks. The recipient stromal pat- 
tern was slightly disrupted in the anterior 
portion. The keratocytes and underlying 
endothelium appeared normal. 

Case 8.—A 43-year-old woman under- 
went a right-sided epikeratoplasty proce- 
dure with a Kerato-Lens lenticule on Nov 
30, 1983, for 14 D of myopia. The best 
corrected preoperative acuity was 20/80 


Fig 4.—Light micrograph of specimen from case 6 (Kerato-Lens for aphakia). Thick (seven to 12 
cell layers), poorly differentiated epithelium is seen with focal depression (white arrow). 
Bowman's layer is absent, stroma is hypercellular, and blood vessels are evident (black arrow). 
Epithelium is seen at posterior surface of lenticule (toluidine blue O, original magnification 


X150). 


Fig 5.— Transmission electron micrograph of specimen from case 6 showing facal epithelial 
depression seen in Fig 4. Note dark, electron-dense material covering epithelial microvilli. Dense 
material is seen within cytoplasm and intercellular spaces (arrows) (original magnification 


X24 000). 
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due to a macular Fuchs spot. Wheg the 
patient was examined in December 1984, 
her uncorrected acuity was 20/200, but her 
best corrected acuity was also 20/200 due 
to irregular surface corneal astigmatism. 
A refraction was unobtainable. The epithe- 
lium was intact and the cornea was avascu- 
lar. 

On Dec 6, 1984, the lyophilized lenticule 
was removed, placed in fixative for our 
analysis, and replaced with another lyoph- 
ilized lenticule. The postoperative course 





was complicated by a persistent epithelial 
defect. By June 1985, the uncorrected acu- 
ity was 20/80 and the refractive error was 
—1.00 sphere. With a hard contact lens, the 
best corrected acuity did not improve. 
When the patient was examined in Decem- 
ber 1985, the best corrected acuity was 
20/200 OD. On Dec 11, 1985, a third epiker- 
atoplasty procedure was performed, again 
with use of a lyophilized lenticule. The 
postoperative clinical details were not 
available. The histopathologic findings are 


Fig 6.—Light micrcgraph of specimen from case 7 (Kerato-Lens for keratoconus). Epithelium 
appears to have normal thickness (five to seven cell layers). Bowman's layer is slightly wavy; 
anterior lenticule stroma is acellular, while posterior lenticule stroma is hypocellular. Recipient 
Bowman's layer is folded on itself (arrow). Recipient stroma is unremarkable, and endothelium is 
attenuated (periodic acid-Schiff, original magnification X 120). 


Fig 7.— Transmission electron micrograph of specimen from case 7. Lenticule epithelium and 
Bowman's layer show undulating basal lamina with areas of duplication (arrows) (original 


magnification X 10 800). 
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from the specimen removed on Dec 6, 
1984. 

Light Microscopy.—The epithelium 
ranged from eight to 12 layers centrally 
and tapered to five to seven layers at the 
periphery. Bowman’s layer was wavy, with 
occasional folds at the periphery. The ante- 
rior stroma was acellular; the posterior 
stroma showed slight keratocyte repopula- 
tion, but it was still hypocellular (Fig 8). 

Electron Microscopy.— All epithelial cells 
contained numerous cytoplasmic filaments 
and a normal complement of cytoplasmic 
organelles. The stroma had large interlam- 
ellar and interfibrillar spaces with occa- 
sional active keratocytes (Fig 8). Scanning 
electron microscopy demonstrated a swirl- 
ing epithelial surface with many elongated 
epithelial cells (Fig 9). 

Case 9.—A 75-year-old aphakic patient 
underwent an epikeratoplasty procedure 
on March 6, 1985, with a Kerato-Lens 
lenticule. The lens was 8.5 mm in diameter, 
with a curvature of 42 D and a power of 13 
D. The preoperative acuity was 20/30 with 
a refraction of +13.00 — 4.50 x 80. The 
postoperative course was complicated by a 
delay in reepithelialization, with the pres- 
ence of epithelium in the interface. The 
lenticule failed to reepithelialize despite 
occlusive pressure dressings. The lenticule 
was removed on May 2, 1985, two months 
following surgery. The best corrected 
visual acuity was 20/30 four months after 
lenticule removal. 

Light Microscopy.—The epithelial thick- 
ness varied from three to nine cells across 
the surface of the lenticule. Bowman’s lay- 
er had numerous undulations with focal 
areas of depression. The stroma was irreg- 
ular and hypocellular. Occasional blood 
vessels were seen at the posterior edge of 
the lenticule stroma. The epithelium thick- 
ened at the edge of the lenticule and 
appeared to be migrating onto the posteri- 
or surface of the lenticule (Fig 10). 


COMMENT 


The present study analyzed the clin- 
ical and morphologic results of nine 
epikeratoplasty cases (Table 2). Seven 
of the lenticules were prepared from 
donor tissue that was frozen and 
lyophilized. Specimens from five of 
the cases were complicated by non- 
healing epithelial defects; in two epi- 
thelium was found in the interface, in 
two Bowman’s layer was not evident, 
and one was removed because of lack 
of clarity. Despite conservative man- 
agement of nonhealing epithelial 
defects, five of the lenticules were 
cloudy and eight failed to achieve a 
refractive error change. The common 
morphologic features of these cases 
included abnormalities in the lenti- 
cule’s epithelium and Bowman’s layer. 
Most of the cases had a decreased or 
absent keratocyte population and 
structural abnormalities in the stro- 
mal collagen. Table 2 summarizes the 
clinical and morphologic features of 
the present study. 
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Fig 8.—Light micrograph of specimen from case 8 (Kerato-Lens for myopia). Note thick 
epithelium (eight to 12 cell layers). Bowman's layer is slightly wavy. Anterior stroma is acellular, 
and posterior stroma is hypocellular (toluidine blue O, original magnification X300). Inset, 
Transmission electron micrograph of repopulating keratocytes. Note large interlamellar space 
and distended endoplasmic reticulum (arrows) (original magnification X7 100). 


It is not common for penetrating or 
lamellar keratoplasty cases to have a 
delay in surface reepithelialization. 
Very few resurfacing problems have 
been reported following keratomileu- 
sis for myopia,^ keratophakia, and 
epikeratoplasty. In a recent report of 
a series of keratomileusis procedures 
for myopia, one patient had a non- 
healing epithelial defect.^ The au- 
thors commented that this complica- 
tion only was seen when a homograft 
(frozen tissue) was used. The major 
difference between those procedures 
and the onlay epikeratoplasty proce- 
dures is the increased total corneal 
thickness and the type of junction 
between the donor tissue and the 
recipient. In standard penetrating or 
lamellar keratoplasty, there is a very 
smooth transition from donor to 
recipient, whereas in epikeratoplasty 
the epithelium has to rise over the 
extra piece of tissue placed on top of 
the recipient's Bowman layer. This 
transition is morphologically smooth 
following keratomileusis,'^'*5 whereas 
in epikeratoplasty procedures,” kera- 
tophakia," and hydrogel keratopha- 
kia’ the epithelium has to thicken to 
many times normal before it can slide 
over the donor lenticule or elevated 
host cornea. 

Another possible reason for abnor- 
malities in the reepithelialization pro- 
cess could relate to the biologie “via- 
bility” of the donor tissue. In homo- 
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Fig 9.—Scanning electron micrograph of 
specimen from case 8. Note swirling epitheli- 
um on surface of lenticule. Numerous light- 
appearing cells are elongated in pleomorphic 
arrangement (original magnification X340). 





Fig 10.—Light micrograph of specimen from case 9 (Kerato-Lens for aphakia). Note wavy 
Bowman's layer, irregular epithelium, and hypocellular stroma. Large epithelial plug seen at 
edge of lenticule has migrated onto posterior surface. Blood vessels are seen at stromal 
interface (arrows) (Masson’s trichrome, original magnification X200). 


plastic keratomileusis for myopia and 
hyperopia, the patient’s cornea is fro- 
zen, reshaped, and subsequently 
replaced in situ. The process of freez- 
ing does produce physical damage to 
the epithelium, epithelial basal lami- 
na, Bowman’s layer, host keratocytes, 
and host stroma.’ Since few cases 


involving difficulties in surface re- 
epithelialization have been reported 
following keratophakia and keratomi- 
leusis,^ we can conclude that the 
freezing and lathing process is not 
universally responsible for the abnor- 
malities of reepithelialization seen in 
the present series. 
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In the 1950s, corneas were stored in 
glycerin and subsequently used for 
full-thickness or  partial-thickness 
lamellar tissue.” To our knowledge, 
there were no significant reports of 
delayed reepithelialization. Since 
glycerin is used in the preservation 
solution for all of the lamellar refrac- 
tive procedures," one can conclude 
that it is not the major cause of 
epithelial abnormalities following 
epikeratoplasty. 

The specific lyophilization process 
used for preparing currently used epi- 
keratoplasty lenticules has not been 
published. A study of the effects of 
lyophilization on the integrity of pig 
and cat corneas by Maguen and Nes- 
burn? demonstrated that the tech- 
nique did produce keratocyte death 
and structural abnormalities in colla- 
gen fibril diameter and interfibrillar 
distance. 

The corneal press"? was developed to 
reduce swollen donor corneas to a 
thickness level close to normal, to 
eliminate some of the undercorrec- 
tions that oecurred in the early epi- 
keratoplasty proeedures. The effects 
of the corneal press on the structure 
of the cornea have not been published. 
The combination of the effects of the 
corneal press, glycerin, freezing, and 
subsequent lyophilization on the 
structural integrity of the cornea has 
only recently been evaluated in our 
laboratory? In that study we found 
that factory-prepared Kerato-Lens 
lenticules had structural abnormali- 
ties in all layers. Similar features 
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were seen in the specimens evaluated 
in the present study. The factory- 
prepared lyophilized tissue did not 
appear to contain toxic chemicals 
when cocultured with human kerato- 
cytes.° 

Alcohol was used to remove epithe- 
lium in the early epikeratoplasty 
cases, but, due to problems reported to 
occur with its use, surgeons switched 
to the use of sterile cocaine. The prob- 
lems encountered in case 5 may have 
been due to the use of alcohol. We 
could not determine if alcohol was 
used in cases 2, 3, and 6 through 9. 

Studies of the reepithelialization 
process of normal and abnormal cor- 
neas have demonstrated that the epi- 
thelium is slow to resurface corneas 
with damaged or absent Bowman’s 
layer.” Therefore, based on the knowl- 
edge of structural abnormalities asso- 
ciated with freeze-dried lenticules and 
the morphologic analysis of the speci- 
mens in the present study, we can 
conclude that it is likely that the 
presently used lyophilization process 
combined with the corneal press and 
cryopreservation produces an ocular 
surface that is not conducive to rapid 
and permanent reepithelialization. 
Recently, the surgical technique has 
been modified to allow a more smooth 
transition between a recipient and 
donor tissue?; perhaps this modifica- 
tion may reduce some of the problems 
of surface reepithelialization. If a len- 
ticule is accidentally lathed from the 
epithelial surface or if it is placed 
upside down on the recipient (as may 
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have occurred in cases 2 and 6), abnor- 
mal surface epithelialization or im- 
plantation of epithelium could occur. 

The effects of the combined process- 
es of the corneal press, freezing, and 
lyophilization on the structural integ- 
rity of the stromal collagen on the 
glycosaminoglycan content could po- 
tentially decrease corneal clarity. 
Such abnormalities were found in 
cases 1, 4, 6, and 7. We recently 
studied the morphologic effects of 
freezing alone on the structural integ- 
rity of the corneal stroma.’ We found 
some structural abnormalities in fro- 
zen corneas, but they were not as 
significant as those found in the cor- 
neas that had undergone lyophiliza- 
tion. 

The onlay lamellar refractive kera- 
toplasty (epikeratoplasty) procedures 
appear to provide new modalities for 
the correction of refractive errors. 
The efficacy of these procedures is 
only now being determined. The 
results of this present study and our 
previous study? suggest that improve- 
ments in tissue preparation are 
needed. One approach may be the use 
of tissue that has never been frozen or 
freeze-dried.” Our laboratory is pres- 
ently investigating the effects of this 
new nonfreeze technique on the struc- 
tural integrity of the cornea. 
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Cystoid Macular Edema Following 


Corneal-Relaxing Incisions 


Jimmy Carter, MD; Bruce A. Barron, MD; Marguerite B. McDonald, MD 


€ We believe that this is the first report 
of cystoid macular edema following cor- 
neal-relaxing incisions. Both cases we 
describe occurred in pseudophakic eyes, 
one of which contained an ultraviolet 
light-absorbing intraocular lens. One 
case was complicated by a corneal perfo- 
ration and postoperative inflammation. 
The other case had no apparent intraoper- 
ative or postoperative complications oth- 
er than the cystoid macular edema. In 
both cases, the cystoid macular edema 
resolved after the institution of medical 
treatment, and visual acuity returned to 
preoperative levels. 

(Arch Ophthalmol 1987;105:70-72) 


(Ostoid macular edema (CME) is a 

well-known entity that has been 
described in association with a multi- 
tude of conditions. Two of our patients 
developed angiographically confirmed 
CME, which was clinically symptom- 
atic, following corneal-relaxing inci- 
sions for astigmatism. In both cases, 
the visual acuity improved after med- 
ical treatment. To our knowledge, 
these are the first documented cases 
of CME following corneal-relaxing 
incisions. 


REPORT OF CASES 


Case 1.—A 73-year-old, retired shipyard 
welder was referred to the Louisiana State 
University (LSU) Eye Center with a histo- 
ry of poor vision in the right eye after 
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extracapsular cataract extraction and 
implantation of a posterior chamber, 
ultraviolet light-absorbing intraocular 
lens on July 3, 1985. The presumed reason 
for the decreased visual aciuty was a para- 
central anterior stromal corneal scar 
resulting from trauma caused by molten 
metal during the patient's earlier days as a 
welder. 

On evaluation, the patient had uncor- 
rected visual acuity of 20/60—2 in the right 
eye. A refraction of —0.75 +6.00 x 10? gave 
a best corrected visual acuity of 20/20—3. 
The keratometry reading in the right eye 
was 39.37 X 43.50 at 15°. It appeared that 
the corneal scar contributed little to the 
reduced visual acuity. 

The patient did not tolerate astigmatic 
eyeglasses or a hard contact lens, and was 
therefore offered refractive surgery for the 
high astigmatism in the right eye. On Nov 


26, 1985, the patient underwent two cir- 
cumferential relaxing incisions located 45? 
on either side of the steep axis in the 
midperiphery of the right cornea (Fig 1). 
Topical proparacaine hydrochloride anes- 
thesia was used. With a stainless steel 
blade, the partial thickness incisions were 
deepened until a Troutman keratometer 
showed reversal of the astigmatic pattern. 
A microperforation in the superonasal 
quadrant required two interrupted 10-0 
nylon sutures for closure. An operating 
microscope (Weck) with moderate illumi- 
nation was used for the 45-minute proce- 
dure. 

On the first postoperative day, the 
uncorrected visual acuity was 20/40, the 
intraocular pressure was 19 mm Hg, and 
the corneal thickness was 0.50 mm. Posi- 
tive Seidel test results were obtained from 
the perforation site, and a third 10-0 nylon 


Fig 1.—Case 1. Cornea-relaxing incisions were made for 45? on either side of steep axis of 


cornea (10?). 


10° 
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Fig 2.—Case 1. Fluorescein angiogram demonstrating cystoid macular 
edema three weeks after corneal-relaxing incisions. 


suture was added. Negative Seidel test 
results were obtained. 

The postoperative course was further 
complicated by iritis, which was treated 
successfully with topical 0.1% dexametha- 
sone sodium phosphate three times a day 
and 0.05% dexamethasone sodium phos- 
phate ointment at bedtime. On Dec 12, 
1985, the dexamethasone therapy was dis- 


— continued, and the sutures were removed. 


Uncorrected visual acuity was 20/40. On 
Dec 18, 1985, the best corrected visual 
acuity was 20/80—1. No iritis was present. 
Because of the unexplained decrease in 
best corrected visual acuity, a fluorescein 
angiogram was obtained, which disclosed 
florid macular edema (Fig 2). Oral admin- 
istration of indomethacin (25 mg) three 
times per day was begun. Visual acuity 
improved gradually with this regimen. On 
Feb 12, 1986, about 24 months after the 
refractive procedure, uncorrected visual 
acuity was 20/30, but could be improved to 
20/25 with a +0.50 overrefraction. Fluores- 
cein angiography showed no leakage of 
fluorescein, and the indomethacin therapy 
was discontinued at that time. 

CASE2.— A 71-year-old man was referred 
for evaluation of astigmatism in the left 
eye associated with removal of a pterygium 
in May 1980, and cataract extraction and 
implantation of a non-ultraviolet light- 
absorbing, Leiske anterior chamber in- 
traocular lens on Feb 28, 1985. Postopera- 
tively, the patient complained of monocu- 
lar diplopia in the left eye and a visual 
result that was not up to his expectations. 
He was intolerant of a contact lens. 

On evaluation, the patient had an uncor- 
rected visual acuity of 20/300 in the left 
eye. A refraction of +0.50+4.50 X 133° 
gave a best corrected visual acuity of 20/50. 
The keratometry reading in the left eye 
was 42.75 X 45.25 at 130°, with irregular 
mires. 

The patient was offered refractive sur- 
gery in an attempt to decrease his regular 
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astigmatism. On Aug 28, 1985, the patient 
underwent two circumferential relaxing 
incisions, as described for patient 1. Topi- 
cal proparacaine anesthesia was used, and 
the operating time was approximately 30 
minutes. There were no apparent intrao- 
perative complications. 

On the first postoperative day, uncor- 
rected visual acuity was 20/200, and was 
not improved with a hard contact lens. Two 
weeks postoperatively, uncorrected visual 
acuity was 20/200, and improved to 20/ 
60—1 with a hard contact lens. Four weeks 
postoperatively, uncorrected visual acuity 
dropped to counting fingers at 3 ft, and was 
improved by a hard contact lens to only 
20/300. Fluorescein angiography showed 
florid macular edema in the left eye 
(Fig 3). 

Topical treatment with 0.176 dexameth- 
asone sodium phosphate was begun at six 
times a day. By Nov 6, 1985, a hard contact 
lens gave a best corrected visual acuity of 
20/30—1. Administration of corticosteroid 
drops was tapered off to twice a day. Best 
corrected visual acuity with a contact lens 
fluctuated between 20/30 and 20/40. 
Repeated fluorescein angiography per- 
formed on Feb 5, 1986, showed no leak- 
age. 


COMMENT 


Until its description by Gass and 
Norton in 1966, CME was a poorly 
recognized entity. Since then, CME 
has been shown to occur following a 
variety of ocular manipulations, 
including cataract surgery with and 
without intraocular lens implanta- 
tion,? aphakic keratoplasty,’ retinal 
detachment surgery,'?!! cryotherapy,” 
and vitrectomy.’ Cystoid macular 
edema also occurs in several nonsurgi- 
cal ocular conditions, such as uveitis, 
retinal vein occlusion, and diabetes,'*"’ 





Fig 3.—Case 2. Typical cystoid macular edema is seen four weeks 
after otherwise uncomplicated corneal-relaxing incisions. 


and can be found in glaucomatous 
aphakic eyes treated with topical epi- 
nephrine.'^ 

The histopathologic features of 
CME have been well described,''"?? 
but the actual mechanism of the 
development of CME has never been 
elucidated with certainty. The role of 
the vitreous has received much atten- 
tion. *^ Inflammation, however, ap- 
pears to be the common factor in 
conditions associated with CME.” 
The role of prostaglandins in the 
pathogenesis of CME has been widely 
studied,” and may have some impli- 
cation for treatment./*?** The natural 
course of CME after cataract surgery 
suggests that the majority of cases 
resolve without treatment,? and that 
while treatment with corticosteroids 
or prostaglandin inhibitors may 
improve visual acuity in the early 
phase of CME, the visual acuity in 
treated and untreated patients is not 
significantly different at 12 to 18 
months after onset.'?”°?’°° 

To our knowledge, this is the first 
report of CME following refractive 
surgery. It is not possible to document 
with certainty a  cause-and-effect 
relationship between the corneal- 
relaxing incisions and the occurrence 
of CME in these two cases. (Preopera- 
tive fluorescein angiograms were not 
obtained in either case.) However, the 
decreased visual acuities accompanied 
by angiographically confirmed CME 
occurring shortly after the corneal- 
relaxing incisions, and the return of 
visual acuity to preoperative levels 
accompanied by the disappearance of 
fluorescein leakage makes us believe 
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that the relaxing incisions were asso- 
ciated with the appearance of CME. 

The cause of CME in the first 
patient appears to be easily explained. 
The procedure was complicated by a 
perforation and postoperative inflam- 
mation. Cystoid macular edema then 
became evident. It is likely that the 
preceding inflammation contributed 
to the development of CME. The early 
and dramatic response to indometha- 
cin supports a role for prostaglandins 
in the pathogenesis of CME in this 
case. However, the CME may have 
resolved with no treatment.” 

The cause of CME in case 2 is not as 
easily explained. There were no 
apparent intraoperative complica- 
tions and no clinically evident inflam- 
mation. The procedure was strictly 
extraocular. During a relaxing inci- 
sion, the eye is manipulated and dis- 
torted to some degree. This could pos- 
sibly have altered the relationship of 
the vitreous to the macula and, hence, 
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predisposed to macular edema.» 
There may have been subclinical post- 
operative inflammation that would 
have played a role in the development 
of CME in this case. 

In both of these cases, but particu- 
larly in the second case, light toxic 
effects from the operating microscope 
must be considered. Retinal light 
exposure from the operating micro- 
Scope is known to cause retinal dam- 
age.'^* The pseudophakic eye (with a 
non-ultraviolet light-absorbing in- 
traocular lens) has spectral transmis- 
sion characteristics different from 
those of a phakic or aphakic eye. 
The pseudophakic eye is particularly 
susceptible to such damage because 
the microscope light is more likely to 
be focused by the intraocular lens on 
the retina.” Decreased visual acuity 
after cataract surgery may be related 
to the intraoperative light exposure.” 
A relationship between light exposure 
and postoperative CME in the absence 
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cal procedure should be recognized, 
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cal measures to reduce or prevent the 
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keeping postoperative inflammation 
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Optimal Rates of Movement 


for Kinetic Perimetry 


Chris A. Johnson, PhD, John L. Keltner, MD 


e Duration, reliability, and sensitivity 
of kinetic thresholds were evaluated for 
the I/4e, 1/2e, and I/ 1e Goldmann-equiv- 
alent targets as a function of stimulus 
velocity (1? to 8°/s) using the SQUID auto- 
mated perimeter. For all targets, the aver- 
age duration of kinetic meridional scans 
decreased significantly as stimulus veloc- 
ity increased from 1° to 4°/s. Minimal 
reductions in kinetic scan times were 
present for stimulus velocities above 4°/ 
s. All targets appeared to have reductions 
in sensitivity at velocities above 4°/s (tar- 
get detection occurring at more central 
visual field locations) that were presum- 
ably related to the observers' reaction 
times. There were no consistent differ- 
ences in the variability of kinetic thresh- 
olds for different stimulus velocities. 
When all factors were considered, a stim- 
ulus velocity of 4°/s seemed to be optimal 
for kinetic scans of all targets in the 
central and peripheral visual field. 

(Arch Ophthalmol 1987;105:73-75) 


Although the use of static and supra- 
threshold static procedures has 
been augmented by the advent of 
automated visual field testing, kinetic 
perimetry remains a popular form of 
manual visual field examination. 
Recent studies have also explored the 
use of kinetic testing for automated 
perimetry,’ especially for evaluation 
of the peripheral visual field.’ 
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Kinetic perimetry, unlike static and 
suprathreshold static techniques, is a 
highly interactive process between 
the examiner and the patient in which 
the actions of one continually influ- 
ence and modify the actions of the 
other. There are also a larger number 
of stimulus attributes, test conditions, 
and strategies that are associated 
with the kinetic test procedure, all of 
which can affect the responses of the 
patient? Previous investigators have 
evaluated the variability associated 
with patient- and examiner-related 
aspects of kinetic perimetry?^? to doc- 
ument their characteristics for clini- 
cal purposes. 

The influences of stimulus and test 
attributes on the accuracy and reli- 
ability of kinetic perimetry are not as 
thoroughly described. Fankhauser 
and Schmidt’ reported that stimulus 
velocities of 1°/s displayed slightly 
greater visual field sensitivity than 
stimulus velocities of 5°/s, particular- 
ly for peripheral visual field locations. 
They also suggested that the variabil- 
ity between subjects in the normal 
population was slightly smaller for 
the 1°/s stimulus velocity. In addition, 
Fankhauser and Schmidt? showed 
that kinetic thresholds were slightly 
more sensitive than static thresholds 
in the periphery and midperiphery, 
but that the reverse was true for the 
macular region of the visual field. 
Fankhauser' also presented a theo- 
retical description of the influence of 
stimulus velocity and the patient's 
reaction time on the ability to detect 
scotomata of varying sizes using 
kinetic perimetry. Greve? reports that 
Goldmann and others have recom- 
mended a stimulus velocity of 5?/s for 
kinetic evaluation of the periphery 


and 2?/s for kinetic perimetry within 
the central 30? visual field, based 
largely on clinical experience. Thus, 
little empirical information is avail- 
able for the effects of various stimulus 
conditions on kinetic perimetry, par- 
ticularly with respect to the test effi- 
ciency of different stimulus attri- 
butes. 

The purpose of this study was to 
define optimal rates of stimulus 
movement for kinetic testing of the 
central and peripheral visual fields. In 
this view, the sensitivity, reliability, 
and efficiency of kinetic visual field 
testing were evaluated for several tar- 
get luminances at stimulus velocities 
between 1? and 8?/s, using an auto- 
mated perimeter. These data are not 
only important for establishing guide- 
lines for manual visual field testing, 
but also for specifying appropriate 
stimulus conditions for the develop- 
ment and refinement of automated 
forms of kinetic perimetry.'^? 


Fig 1.—Average kinetic scan times are plot- 
ted as function of kinetic stimulus velocity. 
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Fig 2.—Visual field eccentricities correspond- 
ing to detection threshold are plotted as func- 
tion of kinetic stimulus velocity. Vertical lines 
above or below each symbol represent size of 
1 SD. 


METHODS 


Kinetic visual field testing was per- 
formed on three young normal observers 
(aged 25 to 35 years) using the SQUID 
automated perimeter. Specific features 
and capabilities of the SQUID automated 
perimeter have been previously de- 
scribed." 

Each observer had corrected visual acui- 
ties of 20/20 or better OU, normal visual 
fields in both eyes, intraocular pressures 
below 20 mm Hg in both eyes, refractive 
corrections of less than +2 diopters sphere 
and +1 D cylinder in both eyes, and no 
history of ocular problems. 

For scans that consistently were within 
the central 30° (I/le target), an optimal 
refractive correction (for the 50-cm test 
distance of the SQUID perimeter bowl) 
was placed before the right eye. An opaque 
eye patch was placed over the left (non- 
tested) eye for all tests. Background lumi- 
nance of the SQUID was adjusted to 31.5 
apostilbs. The SQUID's infrared video 
camera system was used to monitor and 
maintain the observer's fixation to within 
+3° during testing. 

Stimulus velocities of 1°, 2°, 4°, 6°, and 
8°/s were evaluated for the I/4e, I/2e, and 
I/le Goldmann-equivalent targets to 
determine the influence of stimulus veloci- 
ty on target detection for the far periph- 
ery, midperiphery, and the central visual 
field. Kinetic test scans were performed 
along the 315° meridian (inferior temporal 
visual field) and the 135° meridian (superi- 
or nasal visual field). These meridians 
were chosen to represent the regions of 
steepest (superior nasal) and flattest (infe- 
rior temporal) slopes of the visual field 
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sensitivity profile. Each kinetic scan con- 
sisted of movement of the stimulus from 
the peripheral visual field toward the 
fovea (along the predetermined meridian) 
until the observer signaled detection of the 
stimulus by pressing a response button. All 
kinetic scans were initiated at a visual 
field eccentricity of 75°. To minimize 
response biases, observers were not 
informed as to the time of onset of a 
kinetic scan, and the interval between 
scans was varied according to an arbitrary 
sequence. In addition, the order of presen- 
tation of stimulus velocities, target lumi- 
nances, and visual field locations (superior 
nasal or inferior temporal) were random- 
ized. 

Observers were instructed to fixate a 
centrally located 0.25° red stimulus, and to 
press a response button each time they 
detected a moving white target in the 
periphery. After the response button was 
depressed, the kinetic scan was termi- 
nated, the stimulus was extinguished, the 
stimulus position and elapsed kinetic scan 
time were recorded, and the stimulus was 
prepared for the next trial. Ten kinetic 
scans were performed for each condition 
(stimulus velocity, Goldmann-equivalent 
target, visual field meridian), and a mean 
and SD were calculated. All data were 
collected over six experimental sessions 
lasting approximately 25 to 30 minutes, 
with rest periods interspersed throughout 
each session. 


RESULTS 


The average kinetic scan times for 
each of the Goldmann targets (I/4e, 
I/2e, I/1e) and visual field meridians 
(inferior temporal, 315°; superior 
nasal, 135?) are plotted in Fig 1 as a 
function of stimulus velocity. Since all 
kinetic meridional scans were initi- 
ated at the same location (75? eccen- 
tricity), the average scan times 
increased as target luminance de- 
creased. In addition, inferior temporal 
meridional scan times were shorter 
than superior nasal scan times 
because of the higher detection sensi- 
tivity of this region in normal visual 
fields. All targets and meridional 
scans, however, displayed a signifi- 
cant reduction in kinetic scan times 
for stimulus velocities between 1? and 
4°/s. Higher stimulus velocities 
showed only minimal further reduc- 
tions in kinetic scan times. 

Figure 2 presents the mean and SD 
of visual field locations corresponding 
to observers' responses (for each of 
the Goldmann targets and meridional 
scans) as a function of stimulus veloc- 
ity. Because the results of all three 
observers were highly similar, their 
data have been combined. Figure 2, 
therefore, presents the average of the 
mean  sensitivities and SD of 
responses for the three observers. To 
maintain the legibility of the graph, 


the SD magnitudes are plotted ir only 
one direction. There were large over- 
all differences in the visual field 
eccentricity corresponding to the 
observer's detection response among 
the three Goldmann targets and 
between the inferior temporal and 
superior nasal meridional scans. The 
I/le target location corresponding to 
detection (both for inferier temporal 
and superior nasal scans) was rela- 
tively constant for stimulus velocities 
between 1° and 4°/s, with a slight 
reduction for 6°/s and a more marked 
reduction for 8°/s. A similar result 
was present for the I/2e target im the 
inferior temporal visual field. The 
superior nasal scans for the I/2e tar- 
get indicated a maximum visual field 
location (greatest sensitivity) for the 
4°/s stimulus velocity, with reduc- 
tions for successively higher or lower 
stimulus velocities. The results for the 
I/4e Goldmann target showed a slight 
reduction in the visual field eccen:ric- 
ity corresponding to detection as a 
function of increasing stimulus ve oci- 


In general, the variability of 
response locations increased as target 
luminance decreased (ie, central 
visual field scans were more variable 
than peripheral visual field scans). 
There was also a suggestion of greater 
variability for inferior temporal 
visual field measures as compared 
with superior nasal values, although 
the differences were small. No sys- 
tematic differences in variability were 
evident for various stimulus veloci- 
ties. 


COMMENT 


The present findings indicate that 
the amount of time required to per- 
form a successful kinetic meridicnal 
scan is dramatically reduced as stimu- 
lus velocity is increased from 1? to 
4°/s, with minor additional reduc- 
tions for stimulus velocities-above 4?/ 
s. Kinetic thresholds were at sma ler 
eccentricities for stimulus velocities 
above 4?/s, reflecting a longer sean 
path than for velocities below 4*/s. 
The reduction in scan time is there- 
fore not as great for higher stimulus 
velocities. This result suggests that a 
stimulus velocity of 4°/s is near the 
maximum time efficiency for kinetic 
visual field testing. 

The eccentricity of kinetic thresh- 
olds (the visual field positions corre- 
sponding to observers’ responses) 
showed a tendency to deerease as 
stimulus velocity increased and is 
probably related to the influence of 
observers’ reaction times. These dif- 
ferences were small, however, and the 
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relationship between kinetic thresh- 
old location and stimulus velbcity 
varied among the different stimulus 
conditions. 

Variability of kinetic threshold 
determinations increased as stimulus 
luminance was decreased. Inferior 
temporal (315° meridian) scans 
tended to have slightly greater vari- 
ability than superior nasal (135° 
meridian) kinetic scans. These results 
would be predicted on the basis of the 
visual field sensitivity gradient at dif- 
ferent eccentricities.’ Kinetic scans 
over a steeper sensitivity gradient 
should have smaller variation in 
visual field position than kinetic scans 
over a flatter sensitivity gradient. 

Fankhauser and Schmidt’ reported 
that the eccentricity of kinetic thresh- 
olds was slightly greater for the 1°/s 
stimulus velocity than the 5°/s veloci- 
ty. Five of the six kinetic scan condi- 
tions in our study are in complete 
agreement with their findings; the 
one departure from this trend (I/3e 
superior nasal scan) is probably due to 
the small sample size of our subject 
population and the large variability 
we encountered in this study. Despite 
our small sample of subjects and the 
homogeneity of our subject popula- 
tion, our mean sensitivity values are 
within 10% to 20% of the sensitivity 
values reported by Fankhauser and 
Schmidt for all comparable stimulus 
conditions. A comparison of the reli- 
ability of kinetic thresholds between 


1. Johnson CA, Keltner JL, Jacob MP: New 
test procedures for the SQUID automated perim- 
eter. Doc Ophthalmol Proc Ser (Sixth Interna- 
tional Visual Field Symposium) 1985;42:91-94. 

2. Parrish RK, Schiffman J, Anderson DR: 
Static and kinetic visual field testing: Reproduci- 
bility in normal volunteers. Arch Ophthalmol 
1984;102:1497-1502. 

3. Johnson CA: The test logic of automated 
perimetry, in Henkind P (ed): 24th International 
Congress of Ophthalmology. New York, JB Lip- 
pineott, 1983. 

4. Berry V, Drance SM, Wiggins RI: An evalu- 
ation of differences between two observers plot- 
ting and measuring visual fields. Can J Ophthal- 
mol 1966;1:297-300. 

5. Drance SM, Berry V, Hughes A: Studies in 
the reproducibility of visual field areas in normal 


the two studies cannot be adequately 
performed. Fankhauser and Schmidt 
reported that there was less between- 
subjects variability for the 1°/s target 
velocity than for the 5°/s velocity, 
although no data are presented for 
this particular issue. Our study was 
concerned with the within-subjects 
variability for different stimulus 
velocities and luminances. The sample 
size in our study was too small and 
homogeneous to provide an adequate 
estimate of between-subjects variabil- 
ity. Taken together, however, these 
two studies provide complementary 
information about the reliability of 
kinetic thresholds for different stimu- 
lus velocities and their variation 
among different observers in the nor- 
mal population. 

The purpose of this study was to 
determine optimal stimulus factors 
for performing kinetic perimetry. 
Therefore, young normal observers 
were used for this investigation. It is 
expected that older individuals would 
exhibit a more pronounced version of 
the effects reported in this study, 
because they generally have longer 
reaction times and often have a more 
gradual sensitivity gradient. An exac- 
erbation of these effects might also be 
expected in patients with visual field 
loss, because they tend to display 
greater variation in areas of visual 
field loss. Velocity-dependent re- 
sponse properties in various ocular 
diseases, however, have not been well 
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documented. These factors, therefore, 
await further investigation. 

Based on the results of this investi- 
gation, there seems to be no advan- 
tage to using differential rates of 
stimulus movement for kinetic testing 
of the central and peripheral visual 
fields. A stimulus velocity of approxi- 
mately 4?/s seems to be the optimal 
trade-off among reliability, sensitivi- 
ty, and efficiency of kinetic testing for 
all target luminances and visual field 
eccentricities evaluated. Stimulus ve- 
locities below  4?/s dramatically 
reduce the time efficiency of kinetic 
perimetric testing. Similarly, stimu- 
lus velocities above 4? to 6?/s should 
be avoided because the patient's reac- 
tion time has a significant influence 
on the response characteristics, there- 
by producing what seems to be a 
reduction in sensitivity. These find- 
ings should serve as useful guidelines 
for both manual and automated kinet- 
ic perimetry. 
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Visual, Refractive, and Keratometric 


Results of Radial Keratotomy 


A Two-Year Follow-up 


Peter N. Arrowsmith, MD, Ronald G. Marks, PhD 


€ We report two-year follow-up find- 
ings on 142 (91%) of the first 156 radial 
keratotomies performed. The results are 
contrasted with our earlier six-month and 
one-year results and with findings from 
other studies. Mean spherical equivalent 
before surgery was —5.0 diopters and two 
years after surgery was —0.10 D; 51% of 
the eyes were within 1 D of emmetropia. 
Uncorrected distance acuity was 20/200 
or worse in 96% of the eyes before sur- 
gery. At two years, 39% had 20/20 acuity 
or better and 76% had 20/40 or better. At 
one year, 49% had 20/20 acuity and 76% 
had 20/40 acuity or better. Refractive re- 
sults between one and two years showed 
an overall increase in mean spherical 
equivalent of 0.23 D. Our results indicate 
radial keratotomy to be relatively safe and 
effective two years after surgery. 

(Arch Ophthalmol! 1987;105:76-80) 


Radial keratotomy has been per- 
formed in the United States since 
November 1978. Since it is a relatively 
new procedure, the ophthalmic com- 
munity has expressed concern over 
the stability of the obtained results, 
the possible manifestation of severe 
complications months or years after 
surgery, and the predictability of the 
outcome of the surgery. 





See also pp 37, 42, 81 and 86. 





This article, an evaluation of results 
two years after surgery, is the third in 
a series of follow-up studies of radial 
keratotomies performed by the sur- 
geon (P.N.A.) from December 1980 
through August 1981. Six- and 12- 
month studies have been published.!” 

This report presents the two-year 
postoperative findings on the same 
series of patients and compares the 
changes in visual acuity, spherical 
equivalent (SE), refraction, kerato- 
metric measurements, and complica- 
tions from one to two years after 
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surgery. The two-year findings show a 
continued increase of SE. Radial kera- 
totomy can correct myopia over a 
range of 10 diopters. Vision-threaten- 
ing complications have not developed 
thus far in this series. A separate, 
detailed assessment of the predict- 
ability of radial keratotomy has been 
published.? 


PATIENTS AND METHODS 


The original study group considered in 
the six-month and one-year reports con- 
sisted of 156 consecutive radial keratoto- 
mies (101 patients). The two-year data are 
from reexaminations of 142 eyes (93 
patients), a 91% follow-up. Five patients 
had left the area and three repeatedly 
canceled appointments. 

The methodology and protocol for this 
study are described elsewhere.' All exami- 
nations included measurements of uncor- 
rected distance visual acuity before cyclo- 
plegia as well as cycloplegic refraction 
with best corrected distance visual acuity. 
Also assessed were symptoms such as fluc- 
tuating vision, glare, and ghosts. Skilled 
technicians performed the tests before sur- 
gery and at one and two years after sur- 
gery using an automated subjective refrac- 
tive system (the Humphrey vision ana- 
lyzer), which allowed refraction to be mea- 
sured masked from the sight of the techni- 
cian, thereby ensuring objectivity, and 
using a phorometer (Phoropter) in a 
masked fashion. At both one and two 
years, the surgeon performed slit-lamp 
examinations. 

In our earlier reports,'? a small number 
of reoperations were reported. Between 
one and two years, there were no reopera- 
tions. 

Many of the analyses involved paired 
observations comparing measurements 
made on the same eye at two different 
times after surgery, or comparing mea- 
surements made on the first vs second eyes 
of the same patients. The proper statistical 
analysis in these cases is a one-sample Z 
test for paired data. Whenever this test 
was used, only the P value is given. 


RESULTS 
Overall Visual and Refractive Results 


Before surgery, six eyes (4%) had 
uncorrected visual acuity in the range 
of 20/80 to 20/100 and 96% had 20/200 
or worse; 80 eyes (51%) tested at 
under 20/400. Two years after sur- 
gery, 55 eyes (3975) had uncorrected 


acuity of 20/20 or better and 106 eyes 
(76%) tested at 20/40 or better, 
whereas one year after surgery, 77 
eyes (4975) tested at 20/20 or better 
and 118 eyes (76%) at 20/40 or bet- 
ter. 

At two years, the mean number of 
Snellen's chart lines of improvement 
was 8.4, ranging from a loss of one line 
to improvement of 12 lines, with a 
mode of nine lines of improvement. 
One eye of a 52-year-old woman whose 
vision was overcorrected showed a 
one-line drop in uncorrected visual 
acuity from 20/200 before surgery to 
20/300 two years after surgery. A 
visual change from the counting fin- 
gers designation to 20/400 equaled one 
line of Snellen’s chart acuity change. 

The preoperative best corrected dis- 
tance acuity of 140 eyes (90%) was 
20/20, of seven eyes (4% ) it was 20/25, 
and of nine eyes (6% ) it was 20/30. At 
two years after surgery, best cor- 
rected visual acuity in nine eyes (6%) 
decreased from what it had been 
before surgery. Visual acuity in six of 
these eyes measured 20/20 both before 
surgery and at one year after surgery 
and decreased to 20/25 at two years. 
Visual acuity in one eye dropped from 
20/25 before surgery to 20/30 two 
years after surgery; acuity in another 
eye dropped from 20/30 to 20/40; and 
acuity in yet another eye dropped 
from 20/20 to 20/40. Visual acuity in 
this last eye measured 20/20-3 before 
surgery and at two years measured 
20/40 with a dilated pupil and 20/30 
undilated with best refraction. 

Of the 16 eyes that had less than 
20/20 best corrected visual acuity 
before surgery, 12 were seen two years 
after surgery. Of these 12 eyes, visual 
acuity increased in five to 20/20 from 
20/25 at two years, in one from 20/30 
to 20/20; in four the best corrected 
acuity at two years was the same; and 
in two eyes it decreased, in one from 
20/25 to 20/30 and in the other from 
20/30 to 20/40 as mentioned above. 
Four (25%) of these 16 eyes were not 
seen at two years. Also, visual acuity 
in one eye improved from 20/30 before 
surgery to 20/25 at one year after 
surgery and returned to 20/30 at two 
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Fig 1.— Scatterplot comparing change in spherical equivalent (SE) in diopters (D) 24 months 


after surgery, with preoperative SE. 


years. In our one-year results; we 
reported that no eyes lost best cor- 
rected visual acuity. However, we 
have since discovered there was one 
eye in which visual acuity decreased 
from 20/20 before surgery to 20/30 at 
one year and improved to 20/20 again 
at two years. In three eyes best cor- 
rected visual acuity improved from 
20/25 before surgery to 20/20 at one 
year and remained 20/20 at two years. 
In one eye it improved from 20/30 
before surgery to 20/20 at both one 
and two years. 
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Table 1 records the change in SE 
with time after surgery. The mean 
preoperative SE was —5.04 D. Two 
years after surgery, the mean SE was 
—0.12 D with a range of —10.0 D to 
+6.9 D, whereas one year after sur- 
gery, the mean SE was —0.38 D with a 
range of —10.9 D to +6.8 D. 

Two years after surgery, 51% of the 
eyes examined were within 1 D of 
emmetropia, 27% on the myopic side 
and 24% on the hyperopic side. One 
year after surgery, 58% were within 1 
D of emmetropia, 23% on the myopic 


side and 35% on the hyperopic side. 

Two years after surgery, 976 of the 
eyes had between 2 and 4 D of hyper- 
opia, whereas at one year, 4% were 
within the same range. At both one 
and two years, 1% retained greater 
than 4 D of hyperopia. 

The scatterplot in Fig 1 shows the 
change in SE for the two-year postop- 
erative period vs the cegree of preop- 
erative myopia, demonstrating a 
strong relationship between preopera- 
tive SE and change in SE at two years 
after surgery. 


Two-Year Visual Acuity 
and Refractive Results vs 
Degree of Preoperative Myopia 


For postoperative analysis of uncor- 
rected distance acuity, the eyes were 
grouped according to their degree of 
preoperative myopia. Group 1 (38 
eyes) had less than 3 D of myopia. 
Group 2 (70 eyes) had at least 3 D but 
less than 6 D of myopia. Group 3 (36 
eyes) showed at least 5 D but less than 
10 D of myopia. Group 4 (12 eyes) had 
at least 10 D of myopia. 

Figure 2 shows the two-year postop- 
erative uncorrected acuity for each 
group. In group 1, 71% tested at 20/20 
or better and 89% at 20/40 or better. 
In group 2, 39% had 20/20 or better 
acuity and 80% had 20/40 or better. In 
group 3, 9% had 20/20 or better and 
63% had 20/40 or better acuity. In 
group 4, 22% had 20/20 or better and 
44% had 20/40 or better acuity. The 
best results occurred in the groups 
with lower levels of preoperative myo- 
pia. When preoperative myopia was 
less than 6.0 D, the uncorrected acuity 
at two years was 20/20 or better in 
51% of the eyes and 20/40 or better in 
83%, whereas at one year, acuity was 
20/20 or better in 58% of eyes and 
20/40 or better in 87% . Two years after 
surgery, 58% of the eyes in groups 1 
and 2 were within 1 D of emmetropia. 
One year after surgery 69% of eyes 
were within 1 D of emmetropia. 

Just as the mean preoperative SE 
increased from group 1 through group 
4, there was a corresponding increase 
in the mean postoperative change in 
SE at two years (Table 2). In group 1, 
75% were within 1 D of emmetropia; 
in group 2, 48%; in group 3, 33%; and 
in group 4, 44%. Comparing these 
percentages with those at one year, 
groups 1 and 2 have dropped some- 
what, from 87% anc 61%, respective- 
ly; group 3 has remained about the 
same, 36% at one year; and group 4 
has increased from 25% at one year. 
Two years after surgery, undercorrec- 
tions of more than 1 D were least in 
group 1 at 6% (0% at one year) and 
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increased as preoperative myopia 
increased: 11% in group 2 (10% at one 
year); 41% in group 3 (50% at one 
year); and 56% in group 4 (66% at one 
year). Overcorrections at two years of 
more than 1 D were least in group 4 at 
0% (8% at one year). At two years in 
group 1, 20% were overcorrected by 
more than 1 D (16% at one year); in 
group 2, 41% (28% at one year); and in 
group 3, 27% (14% at one year). 


Keratometric Results 


Keratometric changes at one and 
two years after surgery are given in 
Table 1. The change in mean kerato- 
metric value at two years was —3.86 D 
(—3.64 D at one year). Figure 3, repre- 
senting the relationship between 
change in SE and absolute change in 
average keratometric value at two 
years, indicates that the change in SE 
was greater than the change in aver- 
age keratometric result. The slope of 
the regression line at two years was 
1.15 in contrast to 1.25 at one year. 


Comparison of Refractive 
and Keratometric Results at 
One and Two Years After Surgery 


To determine the stability of refrac- 
tive results, the changes in SE and 
average keratometry from one to two 
years were evaluated. The mean SE 
increased 0.23 D between one and two 
years after surgery, a statistically sig- 
nificant change (P « .002). The mean 
keratometric value dropped 0.26 D 
between one and two years 
(P < .0001). 

To evaluate further the change 
from one to two years, the eyes were 
subdivided into three groups based on 
the one-year SE. In group X (87 eyes), 
the one-year SE was between —1.0 and 
+1.0 D. In group Y (28 eyes), the 
one-year SE was less than —1.0 D. In 
group Z (27 eyes), the one-year SE was 
greater than +1.0 D. 

In group X, the two-year mean SE 
was 0.2 D higher than at one year 
(P < .03) and the mean keratometric 
value was 0.17 D lower (P « .03). In 
group Y, the two-year mean SE was 
0.85 D higher than at one year 
(P < .07) and the mean keratometric 
value was 0.49 D lower (P < .01). In 
group Z, the two-year mean SE was 
0.21 D higher than at one year 
(P « .28) and the mean keratometric 
value was 0.33 D lower (P « .03). 

All groups have shown an increase 
in SE between one and two years after 
surgery as well as a continued flatten- 
ing of the cornea. The group that had 
residual myopia at one year after sur- 
gery showed almost twice as much 
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Fig 2.—Cumulative 24-month postoperative uncorrected visual acuity levels by preoperative 
myopia group. Before surgery, myopia was less than 3 diopters in group 1 (38 eyes): at least 3D 
but less than 6 D in group 2 (70 eyes): at least 6 D but less than 10 D in group 3 (36 eyes); and at 
least 10 D in group 4 (12 eyes). CF indicates counting fingers. 


Table 2.—Refractive Results Two Years After 
Surgery vs Preoperative Myopia Group 


Group (n) 


3 (34) 


Preoperative Spherical Equivalent, Diopters 


1.5 10 —2:9 —3.0 to —5.9 —6.0 to —9.9 — 10.0 to — 16.0 


2-y Spherical Equivalent Change, D 
24 + 1.0 49+ 1.8 6.4 + 2.5 


Minimum 0.6 0.9 1.3 
Maximum 5.8 10.8 14.0 


Spherical Equivalent Range vs % of Eyes 
Myopia »2.0 D 6 


Hyperopia >4.0 D 


increase in SE and more flattening of 
the cornea as the other two groups. 


Postoperative Complications 


Two years after surgery, 12 
patients, or 9% of those monitored, 
reported glare (11% at one year). Six- 
teen patients (11% ) reported fluctuat- 
ing vision at two years (15% at one 
year), and six patients (4%) reported 
ghosts (9% at one year). 

From one to two years after sur- 
gery, there was a slight reduction in 
frequency of each of these complica- 





tions. No new complications ozcurred 
in any of the cases between ene and 
two years after surgery. 


COMMENT 


This study presents the two-year 
follow-up results on the first 156 radi- 
al keratotomy surgeries performed by 
the surgeon (P.N.A.). Two-year re- 
sults were obtained on 91% of these 
eyes; 10075 follow-up was obtained at 
six months and one year after sur- 
gery. The mean preoperative SE was 
—5.0 D. Two years after surgery, the 
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Fig 3.—Scatterplot of relationship between change in spherical equivalent (SE) in diopters (D) 
and change in average keratometric results (K) 24 months after surgery. Best linear equation 
describing relationship between these two variables is ASE = 1.15 X AK + 0.42, R? = .81. 


mean SE was —0.1 D. One year after, 
the mean SE was —0.4 D? and at six 
months was —0.2 D.' Deitz et al’ 
reported a mean SE of —0.04 D two 
years after surgery on 193 eyes. 
Sawelson and Marks? reported a mean 
SE of —0.85 D two years after surgery 
on 281 eyes. Hoffer et al* reported a 
mean SE of —0.13 D two years after 
surgery for 32 eyes with less than 5 D 
of preoperative myopia and a mean of 
—3.29 D for 20 eyes with greater than 
5 D of preoperative myopia. 

Our results indicate that kerato- 
metric changes two years after sur- 
gery averaged 3.9 D of corneal flatten- 
ing, which compares with an average 
flattening of 3.6 D at one year and 3.3 
D at six months.'? Deitz et al* reported 
an average flattening of 4.5 D at two 
years, whereas Sawelson and Marks? 
reported 2.91 D. We have shown a 
relationship between change in SE 
and change in keratometric values at 
two years. On the average, 1.15 D of 
myopia can be corrected for each diop- 
ter of corneal flattening achieved. Our 
one-year results showed that 1.25 D of 
myopia can be corrected for each diop- 
ter of corneal flattening achieved. 
Sawelson and Marks: showed a one- 
to-one relationship between changes 
in myopia and keratometric results at 
two years, and Deitz et al* showed a 
similar relationship at one year. This 
relationship between changes in SE 
and keratometric values is important 
because it will assist the surgeon in 
determining the maximum effect pos- 
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sible from the surgery by knowing the 
diopters of corneal flattening attain- 
able. 

We report that 39% of the eyes 
achieved at least 20/20 uncorrected 
visual acuity at two years and 76% at 
least 20/40. At one year, 49% had at 
least 20/20 acuity and 76% at least 
20/407; at six months, 43% had 20/20 
acuity or better and 73% had 20/40 or 
better. We further evaluated the 
change in percentage of cases with 
20/20 acuity from 49% at one year to 
39% at two years. Of the 70 eyes seen 
at two years that had 20/20 acuity at 
one year, 51 (73%) showed no change 
at two years, nine (13%) dropped to 
20/25, nine dropped to 20/30, and one 
dropped to 20/40. None of these eyes 
dropped to less than 20/40 at two 
years after surgery. Although the per- 
centage of eyes with at least 20/40 
acuity remained constant at both one 
and two years after surgery, eight 
eyes dropped out of this category at 
from one to two years and six differ- 
ent eyes moved into this category at 
two years. The six eyes moving into 
this category at two years had uncor- 
rected visual acuity ranging from 20/ 
50 to 20/100 at one year. Of the 108 
eyes seen at two years that had at 
least 20/40 acuity at one year, 63 
(58% ) showed no change at two years, 
six (6% ) showed improved acuity, and 
31 (29% ) dropped one or more lines on 
Snellen’s chart but remained at least 
20/40. 

Similarly, we have shown some 


instability in the best corrected acuity 
measurements as well with 13 eyes 
showing a change between one and 
two years. Best corrected acuity 
dropped in ten eyes—in six from 20/20 
to 20/25. Three of these 13 eyes 
changed by more than one line, with 
two showing a decrease and one an 
improvement. Of the ten eyes that 
showed a decrease in best corrected 
acuity from one to two years, all but 
one seen at a later visit tested at least 
at the preoperative best corrected 
acuity level. Although our visual acu- 
ity testing technique is standardized, 
some variation in results is likely due 
to different technicians performing 
the tests, some unavoidable variations 
in testing rooms and equipment (eg, 
projector bulb wear), and patient 
motivation at different visits. Thus, 
we are seeing some instability in 
visual acuity between one and two 
years after surgery; however, the 
changes are relatively small at this 
time and will have to be followed up 
for a longer time to determine the 
amount of stability or instability. 
Sawelson and Marks’ reported 73% of 
eyes with at least 20/40 uncorrected 
visual acuity three years after sur- 
gery, 70% at two years and 67% at one 
year. Deitz et al* reported 40% of the 
eyes as having 20/20 or better acuity 
at one year and 83% at least 20/40. 
Hoffer et alf reported that 69% of the 
eyes with less than 5 D of preopera- 
tive myopia had at least 20/40 acuity 
at two years and 20% of those with 
more than 5 D of myopia before sur- 
gery retained acuity of 20/40 or better 
at two years. 

Our two-year data indicate that the 
SE of many patients who have radial 
keratotomy is not yet stable two years 
after surgery. Overall, there is an 
0.23-D increase in SE between one and 
two years after surgery. Deitz and 
Sanders? have reported an 0.53-D 
average increase in SE between one 
and four years after surgery. Sawel- 
son and Marks' report a 0.17-D aver- 
age increase in SE between 18 months 
and three years after surgery. The 
greatest change in our series was in 
the group of patients with residual 
myopia, who averaged 0.35 D of 
reduced myopia. Patients with less 
than 1 D of residual myopia or who 
were hyperopic at one year averaged a 
0.2-D increase in SE between one and 
two years. It is important to follow up 
these patients for a longer term to 
determine if this increase in SE con- 
tinues. 


In this series, there were 27 over- 


corrections of more than 1 D with no 
additional complications of glare, 
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fluctuating vision, or ghosts; 15 over- 
corrections in patients who also had 
at least one of the above complica- 
tions; and 13 reported complications 
in eyes that were not overcorrected. 
Thus, a total of 55 eyes (3995) showed 
some complication of surgery at two 
years. Although 39% of eyes in this 
series showed some complication two 
years after surgery, we believe the 
majority of these complications were 
minor relative to the improvement in 
vision that these patients experienced 
generally. Of the 42 eyes overcor- 
rected by more than 1 D, 36 (86% ) had 


uncorrected visual acuity of 20/40 or : 


better and three eyes (7% ) had uncor- 
rected visual acuity worse than 20/ 
60. 

There were 18 eyes (13%) whose 
uncorrected visual acuity was 20/100 
or worse at two years after surgery. 
Of these 18 eyes, two had 20/100 acu- 
ity, eight had 20/200, two had 20/300, 
four had 20/400, and two were in the 
count fingers range. For these eyes, 15 
had an average preoperative SE of 
—8.5 D and an average two-year SE of 
—4.7 D. For the two eyes in the count 
fingers range at two years after sur- 
gery, one went from a preoperative SE 
of —15.1 to —7.6 D at two years, and 
the other from —8.6 to —5.5 D. The 
remaining three eyes in this group 
were overcorrected at two years 
with an average preoperative SE of 
—4. D and an average two-year SE of 
+5.5 D. 

In a separate two-year review of 
patients' satisfaction with the results 
of the surgery, 85% stated that they 
were satisfied with their results two 
years after surgery. This study also 
reported that 39.7% of these patients 
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still wore corrective lenses at least 
part-time. Ten patients (11%) report- 
ed wearing corrective lenses all the 
time, with eight patients wearing 
glasses and two wearing soft contact 
lenses. Twelve patients (14% ) “usual- 
ly” wore corrective lenses, with seven 
wearing glasses, three wearing both 
glasses and contact lenses, one wear- 
ing soft contact lenses, and one wear- 
ing hard contact lenses. Seven 
patients (8%) “sometimes” wore cor- 
rective lenses, with five wearing 
glasses and two wearing both glasses 
and soft contact lenses. Four patients 
(5% ) reported wearing glasses “rare- 


Predictability findings on this 
series’ of patients were good in the 
early postoperative period through 
three months, with R? values for the 
developed models as high as 80%, but 
the predictability results dropped off 
at 6, 12, and 24 months, with R? values 
in the 55% range. Analysis of later 
cases (where a diamond knife was 
used) showed similar predictability 
results at one and three months but 
continued consistent predictability at 
six and 12 months. Although the early 
theory was that the deepest incisions 
possible were most desirable to main- 
tain the most effect, our predictability 
analysis’ showed a nonlinear, qua- 
dratic relationship between incision 
depth and outcome. Thus, if the sur- 
geon obtains an additional 5% depth 
at the 95% blade setting, a greater 
error in desired refraction will result 
than if an additional 5% depth is 
obtained where 80% or 85% depth had 
been planned. Similarly, the predict- 
ability analysis showed that eight 
incisions provided a high percentage 
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of the effect that is obtained with 16 
incisions and, today, even fewer than 
eight incisions are being used on 
patients with relatively less myopia, 
with clinical results that seem good. 
These results will be published when 
long-term follow-up is completed. It is 
important to note that effectiveness 
and predictability of radial keratot- 
omy are two distinct issues. Proce- 
dures in the cases reported herein 
were performed before any predict- 
ability models were developed, so 
overcorrected and undercorrected re- 
sults in these reports are not a reflec- 
tion on predictive capabilities. 

Also, since these earliest procedures 
were performed, enhancements have 
been made in the areas of diamond 
knives, ultrasonic pachymeters, and 
predictability results. In addition, 
many surgeons who perform radial 
keratometry restrict their surgical 
cases to eyes with less myopia than in 
cases in this early series, which 
included eyes with as much as 16 D of 
myopia. This selection of cases with 
lower amounts of myopia should 
improve efficacy and predictability 
results. 

In addition, the trend today seems 
to be to use fewer incisions (6, 4, and 
even 3 incisions) instead of automati- 
cally using eight incisions. Using 80% 
depth instead of 90% or 95% and an 
optical zone larger than 3.0 mm, when 
possible, also seems to improve pre- 
dictability. Thus, the properly trained 
surgeon with the current available 
technology and information can prob- 
ably expect to achieve better results 
than are reported in the literature. 
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Three-Year Results of Radial Keratotomy 


Harold Sawelson, MD, Ronald G. Marks, PhD 


e We compiled three-year and longer 
follow-up data on 198 consecutive radial 
keratotomy surgeries performed by one 
of us (H.S.). Follow-up was obtained on 
138 (70%) of these eyes. Results were 
compared with previously published two- 
year results. The mean spherical equiva- 
lent before surgery was —4.3 diopters, 
the average keratometry value was 44.11 
D, and 75% of the eyes had an uncor- 
rected distance acuity of 20/400 or more. 
The average change in the spherical 
equivalent was 3.74 D for eyes examined 
at three years, ccmpared with 3.71 D for 
eyes examined at 18 months. Average 
keratometry value was 40.96 D after 
three years, compared with 41.16 D at 18 
months. Uncorrected visual acuity was at 
least 20/40 in 73% of eyes examined 
after three years, as opposed to 72% at 
18 months. For eyes examined at both 18 
months and three years, the increase in 
spherica! equivalent of 0.17 D was statis- 
tically significant, as was the decrease in 
average keratometry value of 0.20 D. Un- 
corrected visual acuity results were sta- 
ble between 18 months and three years. 

(Arch Ophthalmol 1987;105:81-85) 


number of clinical studies of radi- 

al keratotemy have published 
results through one,'5 two,* and three’ 
years after surgery. All of these 
studies have presented overall stable 
refractive, keratometric, and visual 
acuity results. One study has pub- 
lished four-year results* showing pro- 
gressive hyperopia in 31% of eyes 
between one and four years after sur- 


gery. 
See also pp 37, 42, 76 and 86. 


This article will present the 18- 


month and three-year results for a 
prospective study of 198 consecutive 
radial keratotomy surgeries per- 
formed by one of us (H.S.) between 
Oct 6, 1980, and July 9, 1981. Emphasis 
will be placed on the refractive, kera- 
tometric, and visual acuity changes 
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between 18 months and three years 
after surgery. 


PATIENTS AND METHODS 


This study includes all 198 radial kera- 
totomy surgeries performed on 126 
patients from Oct 6, 1980, through July 9, 
1981. Patient ages ranged from 19 to 65 
years and preoperative myopia ranged 
from —1.5 diopters to —10.375 D. Myopia 
before surgery and at long-term follow-up 
visits was determined by the spherical 
equivalent (SE) of the noncycloplegic 
refraction utilizing the minus-cylinder fog- 
ging technique. Noncycloplegic refraction 
was used as we believed it more accurately 
reflected the patient's true, unaltered 
visual function. 

Uncorrected distance visual acuity in all 
eyes was 20/70 or worse and visual acuity 
in 74% of eyes was 20/400 or worse. The 
best corrected visual acuity was at least 
20/40 in all eyes. The complete protocol for 
patient inclusion criteria, the preoperative 
evaluation, surgical technique, and postop- 
erative evaluation have been published.* 

For the purposes of this study, an 18- 
month visit was defined as occurring 
between nine and 25 months after surgery. 
Many patients made multiple visits within 
this window and the visit closest to 18 
months was used. The average 18-month 
visit for all participants occurred at 18 
months exactly. A three-year visit was 
defined as occurring more than 25 months 
later. The average long-term visit occurred 
at 3.1 years, with a range of 2.1 to 5.0 years. 
For patients with both an 18-month and 
three-year visit, the average difference in 
time between visits was 1.7 years, with a 
range of five months to 3.6 years. Only nine 
patients had a difference between visits of 
less than 11 months. 

All refractive, keratometric, and visual 
acuity data were obtained by trained tech- 
nicians. The technicians had no access to 
any other patient data while obtaining 
data from a postoperative visit, to prevent 
bias in the measurements. Data were then 
recorded onto forms from which they were 
computerized using mainframe computing 
facilities at the University of Florida, 
Gainesville. All data management and sta- 
tistical analysis programs were carried out 
using the Statistical Analysis System’ 
software package. 


RESULTS 
Refractive, Keratometric, 
and Visual Results 


Refractive and keratometric results 
18 months and three years after sur- 
gery are shown in Table 1. Eighteen 
months after surgery, the average SE 
was —0.78 D (range, —7.38 to +3.00 D), 


and three years after surgery, the 
average SE was —0.53 D (range, —7.75 
to +4.50 D). The change in SE from 18 
months to three years was compared 
for the 103 eyes that had both an 
18-month and three-year measure- 
ment. The change for these cases was 
a 0.17-D decrease in myopia. A paired- 
difference Z test showed this differ- 
ence to be statistically significant 
(P «.04). The average keratometry 
value was 41.16 D at two years and 
was reduced to 40.96 D at four years. 
For eyes having measurements at 
both times, the average drop in the 
average keratometry value was 0.20 D, 
and this difference was statistically 
significant (P « .008). 

Table 2 shows the frequency of the 
SE of each diopter range. Sixty-six 
percent of eyes were within 1 D of 
emmetropia 18 months after surgery 
and 61% were within 1 D three years 
after surgery. 

Figure 1 shows a plot of preopera- 
tive SE vs change in SE at three years 
after surgery. This plot is very similar 
to the plots of our one- and two-year 
results indicating little overall 
change in SE. 

Figure 2 shows a plct of the change 
in SE vs the change in the average 
keratometry value at three years 
after surgery. The bes:-fitting regres- 
sion model for these data is Y = 0.90X 
+0.62, which is not significantly dif- 
ferent from the line Y = X. 

Eight eyes (6%) that had uncor- 
rected visual acuity between 
20/60 and 20/100 before surgery were 
examined at 18 months after surgery. 
Acuity in all of these eyes was at least 
20/40 two years after surgery. Acuity 
in 62 (44%) of these eyes was in the 
count fingers range before surgery 
and in 37 (60% ) of them it was at least 
20/40 eighteen months after surgery. 
In only two (3%) of these eyes was 
acuity still in the count fingers range 
18 months after surgery. 

Of the nine eyes (6%) examined at 
three years in whieh acuity was 
between 20/60 and 20/100 before sur- 
gery, eight (89% ) were at least 20/40 
three years after surgery. Of the 59 
eyes (43% ) examined at three years in 
which acuity was in the count fingers 
range before surgery, in 37 (63% ) acu- 
ity was at least 20/40 three years 
after surgery and in only one (1%) 
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* D indicates diopters; SE, spherical equivalent. 


tTwo eyes of one patient were examined by another ophthalmologist and only 


visual acuity data were obtained. 
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Table 1.—Refractive and Keratometric Results 18 Months and 
Three Years After Surgery* 


3 y, D (138 Eyes)t 








Grou pe cau p UU ec 
adii SE Keratometry SE Keratometry Myopia Group * 
Mean —0.78 41.16 —0.53 40.96 
Maximum 3.00 46.00 4.50 45.00 0.0 to +1.0D 
Mean change 3.71 3.20 3.74 3.35 





Hyperopia >4 D 


* D indicates diopters. 
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Fig 1.—Plot at three years after surgery showing change in spherical equivalent (SE) before and 
after surgery. Ideal result is one that falls on diagonal emmetropia line. D indicates diopters. 


was acuity still in the count fingers 
range. 

Of the 138 eyes examined at three 
years after surgery, 134 (97%) had 
best corrected acuity of at least 20/25. 
Only one eye had best corrected visual 
acuity of 20/50 and this result 
occurred in a hard contact lens wearer 
in whom the spectacle correction was 
attempted shortly after contact lens 
removal. All earlier postoperative vis- 
its by this patient when the contact 
lens had been removed for a longer 
period before spectacle refraction 
resulted in best corrected visual acu- 
ity of at least 20/30. 


Results by Degree of 
Preoperative Myopia 


Eyes were grouped by level of myo- 
pia before surgery. Group 1 was 
defined as those eyes with less than 3 
D of myopia before surgery, group 2 
had at least 3 D but less than 6 D of 
myopia, and group 3 had between 6 
and 10 D of myopia. 

Refractive and keratometric results 


. 82 Arch Ophthalmol— Vol 105, Jan 1987 


are shown by group in Table 3. Group 
1 showed a slight increase in myopia 
and a slight additional flattening of 
the cornea. Group 2 showed a decrease 
in myopia and a corresponding flat- 
tening of the cornea. Group 3 showed 
a very slight increase in myopia and a 
small decrease in corneal curvature. 
In the next section, these results are 
compared only for eyes that have both 
an 18-month and a three-year visit. 

For group 1, 79% of eyes had uncor- 
rected visual acuity of at least 20/40 
three years after surgery (91% at 18 
months) and 5% had acuity of 20/100 
or worse. For group 2, 79% had uncor- 
rected visual acuity of at least 20/40 
three years after surgery (73% at 18 
months) and 9% had acuity of 20/100 
or worse. In group 3, 46% had uncor- 
rected visual acuity of at least 20/40 
(42% at 18 months) and 50% had 
acuity of 20/100 or worse. 


Overcorrection and Induced Astigmatism 


Forty-nine eyes (36%) examined 
after three years had  hyperopic 


Table 2.—Spherical Equivalent Categories Over 


Three-Year Period 


No. (%) of Eyes 
——M——————————————— 
Preoperative 


Myopia »2 D 187 (94) 20 (14) 15 (11) 


18 mo 3 y 


71.110 -20 D 11 (6) 19 (14) 23 (17) 
—0.1 to —1.0D o (0) 56 (40) 46 (34) 


o (0) 36 (26) 36 (27) 


+1.1 to +2.0D O (0) 6 (4) 10 (7) 
+2.1 to +4.0D O (0) 4 (3) 5 (4) 


O (0) O (0) 1 (1) 





refractive errors ranging from +0.1 to 
+4.5 D. Of these eyes, 28 (57%) were 
in patients less than 40 years of age, 
and 40 eyes (82% ) had an uncorrected 
visual acuity of at least 20/40. 

Cylinder measurements averaged 
0.79 D before surgery with a range of 0 
to 3.5 D. Eighteen months after sur- 
gery, there was a decrease of 0.12 D in 
the average cylinder, which ap- 
proaches statistical ^ significance 
(P « .06); the range was frem a drop 
of 2.50 D to an increase of 2.25 D. At 
three years after surgery, the average 
decrease was 0.15 D (P < .05) with a 
range of a decrease of 2.5 D to a gain 
of 2.25 D. 

Induced astigmatism was evaluated 
by comparing the cylindrical refrac- 
tive error before surgery with the 
residual cylindrical refractive error 
three years after surgery. Three years 
after surgery, the cylindrical refrac- 
tive error was reduced in 54% of eyes 
and 16% showed no change. In the 
remaining 30% of eyes, there was 
surgically induced astigmatism. At 18 
months, cylindrical refractive error 
was reduced in 50% of eyes, 19% 
showed no change, and 30% had surgi- 
cally induced astigmatism. In eyes 
that had induced astigmatism at 
three years, 76% had a refractive 
error less than 1 D. At 18 months, 
86% of eyes with induced astigmatism 
had a refractive error less than 1 D. 

Of the 49 overcorrected eyes at 
three years, nine (18%) had uncor- 
rected visual acuity worse than 20/40. 
The average age of these eight 
patients was 49.7 years, with four of 
the eight patients being at least 57 
years old and only one being younger 
than 38 years. At 18 months, there 
were 39 overcorrected eyes and five 
(18%) had uncorrected visual acuity 
worse than 20/40. All five patients 
were between 52 and 65 years of age. 


Comparison of Results 18 Months and 
Three Years After Surgery 


One hundred five eyes were exam- 
ined within both windows established 
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a 
for this study. The overall average 
change in refractive myopic SE 


showed an improvement of 0.17 D, 
which was statistically significant 
(P < #4). There was also an average 
decrease of 0.20 D in the average 
keratametry value, which was statis- 
tically significant (P < .008). 

In group 1 (N = 27), there was an 





and am average flattening of the cor- 
nea of 0.12 D. Neither of these changes 
was statistically significant. In group 
2 (N =59), there was an average 
reduction in myopia of 013 D 
(P < .21) T an average flattening of 
the cornea of 0.19 D (P «.10). In 
group 3 (N = 17), there was an aver- 
age loss of myopia of 0.48 D (P < .12) 
and an average flattening of the cor- 
nea of 6.37 D (P « .08). 

Figure 3 plots the 18-month SE and 
average keratometry values vs three- 
year results. The refraction data in 
Fig 3, top, are evenly scattered about 
the line of no change, indicating no 
clear pattern toward increasing 
hyperopia or myopia. The best-fitting 
regression line for these data is 
Y = 075X — 0.21, which is significant- 
ly diferent from the line Y=X 
(P« 9001). The plot of average kera- 
tometry data in Fig 3, bottom, does 
show a small but consistent trend 
toward continued flattening of the 
cornea. The best-fitting regression 
line for these data is Y = 0.87X + 5.48, 
which is also significantly different 
from the line Y = X (P < .0001). 

Table 4 compares visual acuity at 18 
montbs vs three years after surgery. 
In 735 of eyes three-year acuity was 
in the same range as the earlier acu- 
ity, while 15% of the eyes had a 
decrease in uncorrected acuity and 
11% had an improvement in uncor- 
rected acuity. 

There were 31 eyes that were over- 
corrected at 18 months and also were 
studied at three years. Twelve of these 
eyes became more hyperopic and 19 
became less hyperopic, with seven of 
the 18 eyes showing no change. The 
average change in SE was a gain in 
hyperopia of only 0.04 D (P «.84). 
Fifteen of these eyes had more astig- 
matism at three years than at 18 
monthsand six of these 15 eyes had an 
increase greater than 0.25 D. Eight 
eyes had less astigmatism at three 
years and eight eyes had no change in 
astigmatism. 


Long-term Complications 


There were no recurrences of the 
early »estoperative symptoms of dry- 
eye symdrome or findings of filamen- 
tary keratitis, as reported earlier.‘ 
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Fig 2.—Scatterplot at three years after surgery showing relationship between change in 
spherical equivalent (SE) and change in average keratometry value. Least-squares regression 
line does not differ significantly from line Y = X. D indicates diopters. 


Table 3.—Refractive and Keratometric Results 18 Months and Three Years 
After Surgery by Level of Preoperative Myopia 


Group 1 (N = 50) Group 2 (N = 114) Group 3 (N = 34) 


Preoperative 


Spherical equivalent, D 


Range — 1.50 to —2.88 


Average keratometry, D 
Range 


Mean 


40.88 to 46.13 
44.11 


—3.00 to —5.88 —6.00 to —10.39 


41.50 to 47.69 
44.13 


12.06 to 47.38 
44.32 


Follow-up, 1.5 y/3y 


Percent 66/76 


Change in spherical 
equivalent, D 
Mean 2.28/2.15 


SD 0.64/0.91 
Minimum 1.25/0.00 
Maximum 4.13/4.75 


Change in average 
keratometry, D 
Mean 


2.12/2.20 

SD 0.90/ 1.11 

0.69/ —0.07 
4.38/5.06 


Minimum 
Maximum 


Likewise, no new cases of neovascu- 
larization of incisions were noted and 
there were no additional cases of fluc- 
tuating vision of sufficient degree to 
warrant multiple spectacle correc- 
tions. 

At both the 18-month and three- 
year visits, the following evaluations 
of corneal integrity and incisional sta- 
tus were made: punctate keratitis, 
anterior chamber cells, anterior 
chamber flare, vascularization of inci- 
sions, epithelial erosion, stromal haze, 
and incisional cysts. At 18 months, 
there were nine occurrences of inci- 
sional cysts (6% ) and no other patho- 


72/67 76/71 


3.86/4.17 
1.54/ 1.68 
0.13/1.75 
8.38/ 10.38 


5.07/5.01 
1.84/2.01 
1.88/ 1.75 
8.63/8.75 


3.32/3.62 
1.55/ 1.70 
—0.25/0.00 
9.75/9.82 


4.19/4.35 
1.62/1.75 
1.29/ 1.25 
7.13/7.63 





logic findings. At three years, there 
was one patient who showed vascular- 
ization of some incisions in both eyes 
and who was a postoperative contact 
lens wearer. Stromal haze was noted 
in both eyes of one other patient in 
peripheral areas of some incisions. 
Also, there were six occurrences of 
incisional cysts (5% ). 

Subjective symptoms evaluated at 
both 18 months and three years were 
photophobia, glare (star-burst effect), 
lacrimation, foreign-body sensation, 
monocular diplopia (uncorrected vi- 
sual state), binocular diplopia (uncor- 
rected visual state), and abnormality 
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of color saturation. The incidence of 
these complications at 18 months and 
three years after surgery, respective- 
ly, was as follows: photophobia, 396 
and 0%; glare, 9% and 1%; lacrima- 
tion, 1% and 0%; foreign-body sensa- 
tion, 1% and 0%; diplopia monocular, 
1% and 0%; diplopia binocular, 2% 
and 0%; and abnormality of color 
saturation, 0% and 1%. 


COMMENT 


We report three-year and later 
results of 198 consecutive radial kera- 
totomy surgeries performed by one of 
us (H.S.). These results are contrasted 
with those obtained at 18 months to 
determine what changes have oc- 
curred in these eyes over time. 

The average SE at the three-year 
examination for the 138 eyes seen was 
—0.53 D, which compares with —0.78 D 
at 18 months. For eyes seen at both 
three years and 18 months, there was 
an average 0.17 D increase in the SE 
over this period, which was a statisti- 
cally significant increase (P < .04). In 
our earlier article comparing one-year 
with two-year results, our subjects 
showed an average refraction of —1.14 
D at one year compared with —0.85 D 
at two years, an overall increase of 
0.29 D in the SE between one and two 
years. In that article, we reported a 
slight trend toward decreasing myo- 
pia; a similar result has been obtained 
in the present study, as can be seen in 
Fig 3, top. An analysis of SE data by 
the level of preoperative myopia for 
eyes examined at both 18 months and 
three years shows that those with 
mild preoperative myopia («3 D) 
showed an 0.03-D decrease in myopia 
between 18 months and three years. 
Eyes with moderate myopia (between 
3 and 6 D) showed an 0.13-D reduction 
in myopia, and eyes with high myopia 
(between 6 and 10 D) showed an aver- 
age 0.48-D decrease in myopia. Thus, 
although all three groups showed a 
reduction in myopia, the greatest 
change occurred in those patients 
with the highest myopia. The changes 
in refraction seen in these patients is 
less than that recently reported by 
Deitz and Sanders? Their patients 
showed an average SE at four years of 
0.64 D and an average increase in the 
SE of 0.53 D between the defined one- 
and four-year visits. Also, Deitz and 
Sanders* reported a relatively consis- 
tent change across all eyes, whereas in 
our patients the overall change was 
smaller and more prevalent in eyes 
with the most preoperative myopia. 
Of the 103 eyes that we studied in 
which refraction was measured at 
both 18 months and three years, 44% 
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Fig 3.—Plots comparing change in spherical equivalent (SE) (top) and average keratometry 
values (bottom) 18 months after surgery vs three years after surgery. Both least-squares 
regression lines differ significantly from line Y = X but there appears to be little real difference 


between 18 months and three years in either plot. D indicates diopters. 


Table 4.—Comparison of Uncorrected Visual Acuity 
From 18 months to Three Years After Surgery* 


3-y Visual Acuity, D 


18-mo Visual 


Acuity, D 
20/50-20/80 
20/ 100-20/400 
Count fingers 


*D indicates diopters. 


became less myopic, 13% showed no 
change, and 43% became more myo- 
pic. Deitz and Sanders? reported fig- 
ures of 72.8%, 6.2%, and 21%, respec- 
tively. If a significant change is 
defined as at least 1 D, 2% of the eyes 


20/50- 
20/80 


20/ 100- 
20/400 





in our study became more myopic and 
13% became less myopic, compared 
with the 2.5% and 30.9%, respectively, 
reported by Deitz and Sanders. 
Although Deitz and Sanders reported 
refractive findings obtained by cyclo- 
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plegic refraction and ours were 
obtained by noncycloplegic refraétion, 
the change in refraction over time 
should be censistent for each type of 
measurement. 

Our resuits showed a continued 
flattening of the cornea as measured 
by central keratometry in all myopia 
groups. The change in flattening aver- 
aged 0.12 D in the low myopia group, 
0.19 D in the moderate myopia group, 
and 0.37 D in high myopia group. 
In our earlier article,” we reported no 
change in keratometry between one 
and two years after surgery. 

Deitz ane Sanders! reported an 
average cornea flattening of 0.57 D 
and, again, it was fairly consistent for 
all eyes, although they did not report 
results for each myopia group. They 
reported that changes in keratometry 
measuremerts paralleled refraction 
changes and our data show a similar 
finding. It is also interesting to note 
that Deitz and Sanders reported that 
keratometry data were taken in some 
cases by the surgeon (Deitz) and in 
some cases by an optometrist. They 
reported an average flattening in the 
keratometry readings of 0.67 D in 
measurements made by the surgeon 
and 0.49 D in measurements made by 
the optometzist, a 37% greater change 
in the keratometry values measured 
by the surgeon as opposed to the 
optometrist. Because of the aspherici- 
ty of the cornea that results from 
radial keratetom surgery, we must be 
cautious in our use and interpretation 
of postoperative central keratometry 
measurements. 

One possible explanation for the 
differing results seen in this study 
and in that reported by Deitz and 
Sanders? is in the redeepening proce- 
dure. Deitz and colleagues? reported 
using freehand dissection to Desce- 
met's membrane in some cases and 
multiple reeutting with the same 
blade settinz in other cases with 
greater thar 2.5 D of myopia, which 
led to incision depths greater than 
90% in 60% of reported cases and 
greater tham 95% in 25% of cases. In 
our study, redeepening was performed 
by resetting zhe blade based on pach- 
ymetry measurements made at the 
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3. Deitz MR, Sanders DR, Marks RG: Radial 
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6-mm optical zone and redeepening in- 
cisions were begun at that point along 
the original incisions. The desired inci- 
sion depth was never greater than 90% 
in our patients and incision depth 
estimated postoperatively with the slit 
lamp showed 67% of cases with 
achieved depth between 75% and 90% 
and only 17% of cases with achieved 
depth greater than 90%. 

An important aspect of the evalua- 
tion of radial keratotomy surgery is 
the functioning level of the eyes that 
have undergone surgery as deter- 
mined by visual acuity. From Table 3, 
we see that 73% of all patients had 
uncorrected visual acuity of at least 
20/40 three years after surgery, com- 
pared with 72% at 18 months. In our 
earlier article we showed the per- 
centage of eyes with acuity of at least 
20/40 to be 66% at one year and 70% 
at two years. Thus, the percentage of 
eyes that are functional without cor- 
rection is increasing from one through 
three years and later after surgery. 

Although studies reporting early 
results of radial keratotomy surgery 
through one year after surgery 
showed stable results, some of the 
longer-term data are now showing 
instability in many eyes.^** Only one 
of these studies? has thus far pre- 
sented data that might show cause for 
concern. At this time, our study has 
demonstrated a continuing reduction 
in myopia, especially in patients with 
greater amounts of preoperative myo- 
pia, rather than increasing hyperopia. 
Before we can conclude that the insta- 
bility we have observed is abnormal, 
we must compare it with data ob- 
tained from a group of myopes who 
are similar to the group of patients 
who had radial keratotomy surgery in 
all respects except for not having had 
the surgery. 

Sperduto et al?" have reported “a 
progressive increase with age in the 
proportion of persons with less than 2 
diopters of myopia and a correspond- 
ing decrease in those with 2 D or more 
of myopia." Averaging values from 
right and left eyes, they showed that 
the percentage of adults with less 
than 2 D of myopia increases from 
11.7% in persons 18 to 24 years of age 
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through the three years following sur- 
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Relationship Between Refractive Error and 


Visual Acuity in the Prospective Evaluation of 
Radial Keratotomy (PERK) Study 


Vicki Rice Santos, MS; George O. Waring III, MD; Michael J. Lynn, MS; 
Jack T. Holladay, MD; Robert D. Sperduto, MD; and the PERK Study Group 


€ As part of the Prospective Evaluation 
of Radial Keratotomy (PERK) study, we 
examined the relationship between post- 
operative refractive error and visual acu- 
ity without correction. We included 394 
eyes (one eye per patient) with refractive 
errors ranging from —3.00 to +3.00 diop- 
ters one year after radial keratotomy. 
Within each 1-D range of the spherical 
equivalent of the refractive error, the 
visual acuity spanned five to ten Snellen 
lines. For visual acuities of 20/16 to 20/ 
50, the refractive error spanned 3 to 5 D. 
Additionally, operated eyes had a better 
average uncorrected visual acuity than 
unoperated eyes with a similar refractive 
error. Within the narrow range of refrac- 
tion between —2.00 and -2.50 D, the 
mean uncorrected visual acuity was 20/ 
125 for 56 unoperated eyes and 20/63 
for 29 operated eyes, a difference of 
three Snellen lines. 
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rwo commonly used measurements 
for evaluating the outcome of radi- 
al keratotomy are residual refractive 
error and uncorrected visual acuity. 
Visual acuity is the more meaningful 
result to the patient, but the refrac- 
tive error is a more quantifiable, 
objective, and verifiable measure. 
However, a given refractive error does 
not correspond with a specific visual 
acuity, and the uncorrected visual 
acuity after radial keratotomy is 
often better than expected when com- 
pared with unoperated eyes with the 
same refractive error.' 
o EROR. er 
See also pp 37, 42, 76, and 81. 
o TIRES 2 


We report herein the relationship 
between the uncorrected visual acuity 
and the spherical equivalent of the 
cycloplegic refraction for patients in 
the Prospective Evaluation of Radial 
Keratotomy (PERK) study. 


PATIENTS AND METHODS 


The PERK study is a clinical trial of a 
standardized technique of radial keratot- 
omy sponsored by the National Eye Insti- 
tute, Bethesda, Md. Nine centers are 
involved in this study. The study design? 
and the results one year after surgery! 
have been previously described. 


Definition of Study Groups 


To determine the correlation between 
refractive error and visual acuity after 


radial keratotomy, we selected all patients 
whose residual spherical equivalent of the 
cycloplegie refractive error ore year after 
radial keratotomy was between —3.00 to 
+3.00 diopters. We chose patients in this 
range of refractive error because all but 
one had a visual acuity of 20/200 or better. 
Those patients with a visual acuity worse 
than 20/200 exceeded the limit of the mea- 
surement procedure in the PERK study,'? 
making it impossible to determine the level 
of uncorrected visual acuity. Three hun- 
dred ninety-four of the 435 PERK patients 
had refractive errors within this range. 
Because we elected to report results after 
only a single surgical procedure, measure- 
ments at six months were included for nine 
eyes (2.3% ) in which a second radial kera- 
totomy operation was performed between 
six months and one year after the original 
surgery.' We report the results of the first 
operated eye for each individual because 
observations made of two eyes from the 
same individual tend to be highly corre- 
lated and therefore may skew the results. 
To compare the visual acuity before and 
after surgery within a narrew range of 
refraction, we selected 29 eyes that had a 
refractive error between —2.0(:and —2.50 D 
at one year and compared their visual 
acuity with that of 56 eyes within the same 
range of refractive error before radial ker- 
atotomy. We did not include eyes with 
refractive errors between —2.62 and —3.00 
D because the distributions of refractive 
error for operated and unoperated eyes 
were not comparable within this range. 


Surgical Procedure 


The standardized protocol for the PERK 
surgical technique has been described pre- 
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Fig 1.—Visual acuity chart used in PERK study has standardized illumination, 14 lines ranging 
from 20/220 te 20/ 10, and five letters on each line. 


viously.'* Briefly, the diameter of the cen- 
tral clear zone was determined by the 
following preeperative refraction: —2.00 to 
—3.12 D = 4.0 mm; —3.25 to —4.37 D = 3.5 
mm; and —4.50 to —8.00 D = 3.0 mm. The 
diamond »lade of a micrometer knife was 
extended to a length equal to 100% of the 
thinnest of four paracentral, intraopera- 
tive, ultrasonic pachymetry readings, and 
the length was verified on a coin-gauge 
block. The surgeon made eight freehand, 
centrifugal radial incisions spaced equidis- 
tantly areund the cornea. 


Measurement of Visual Acuity 
and Refraction 


The patient was seated 4 m from a 
standardized, high-contrast, modified Bai- 
ley-Loviechart™ (Fig 1) that was retroillu- 
minated im a light box at a level of approx- 
imately 190 ft-candles. Each line consisted 
of five Sloan letters of approximately 
equal difficulty, with a total of 70 letters 
on 14 lines: 20/10, 20/12, 20/16, 20/20, 
20/25, 20/32, 20/40, 20/50, 20/63, 20/80, 
20/100, 26/125, 20/160, and 20/200 (Fig 1). 
To decrease the possibility of patients 
memorizing the letters, three different 
charts were used: one for measuring 
refractior, ore for testing the right eye, 
and one for testing the left eye. 

The patient was discouraged from 
squinting or leaning forward and was 
urged to read as far down the chart as 
possible to ensure æclear end point. Uncor- 


. rected visual acuity was measured with the 


pupil uneilated to avoid possible glare or 
distortion. 
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We counted the total number of letters 
read and converted to Snellen notation by 
determining the position on the chart 
where the patient would have stopped if all 
the letters had been read in sequence with 
none missed. The last line on which at least 
three letters would have been read was 
used as the Snellen acuity. Mean visual 
acuity was determined by first calculating 
the mean number of letters read and then 
converting this value to Snellen notation. 

The cycloplegic refraction was measured 
45 to 90 minutes following two topical 
instillations of 1% cyclopentolate hydro- 
chloride administered five minutes apart. 
A certified technician-coordinator mea- 
sured the refraction through a phoropter 
by retinoscopy and subjective refinement. 
The refractions were verified by an exam- 
iner-ophthalmologist (not the surgeon), 
and if there was a discrepancy between the 
two measurements, the refraction was 
repeated to resolve the conflict. The final 
cycloplegic refraction was converted to the 
spherical equivalent for analysis. 

To diminish examiner bias, measure- 
ments were taken without knowledge of 
previous results. 


Data Management and Analysis 


All data were recorded on standardized 
forms that were forwarded to the PERK 
Statistical Coordinating Center in Atlanta. 
One-way analysis of variance, polynomial 
regression, confidence intervals derived 
using the polynomial regression equation, 
and correlation coefficients were used to 
analyze and describe the data. © 


RESULTS 
Visual Acuity in Operated and 
Unoperated Eyes With Similar 
Refractive Errors 


Operated eyes one year after radial 
keratotomy had a better average 
uncorrected visual acuity than un- 
operated eyes with similar refractive 
errors (P < .0001). For 56 unoperated 
eyes with a refraction between —2.00 
and —2.50 D, the mean uncorrected 
visual acuity was 20/125 (range, 20/40 
to 20/200). For 29 operated eyes in the 
same range of refraction one year 
after radial keratotomy, the mean 
uncorrected visual acuity was 20/63 
(range, 20/32 to 20/125), an improve- 
ment over the unoperated eyes by 
three Snellen lines. Of the unoperated 
eyes, 82% had a visual acuity of 20/ 
100 or worse, compared with 38% of 
the operated eyes (Fig 2). The distri- 
bution of the refractive error in each 
of the two groups was similar; there- 
fore, the differences in the visual acu- 
ity could not be explained by a greater 
amount of myopia among the unoper- 
ated eyes. 

The operated eyes had a slightly 
greater amount of refractive astigma- 
tism (mean = 0.81 D; SD = 0.63 D) 
than the unoperated eyes (mean = 
0.54 D; SD = 0.39 D) (P « .02). There 
was 0.00 to 1.00 D of astigmatism in 
91% of unoperated and 73% of oper- 
ated eyes, 1.12 to 1.50 D in 9% of 
unoperated and 17% of operated eyes, 
and 1.62 to 2.50 D in 10% of operated 
eyes. 


Relationship Between Visual Acuity and 
Refractive Error After Radial Keratotomy 


The visual acuity without correc- 
tion spanned five to ten Snellen lines 
within each 0.50- to 1.00-D range of 
refractive error (Table 1). For exam- 
ple, patients with a residual refrac- 
tion between —1.12 and —2.00 D after 
one year had a mean visual acuity of 
20/40 and a range of 20/16 to 20/125 
(ten Snellen lines). The variability in 
visual acuity was not restricted to 
myopie patients. Patients with a 
refractive error of +1.12 to +2.00 D 
had a mean uncorrected visual acuity 
of 20/20 and a range of 20/12 to 20/50 
(seven Snellen lines). 

We found a curvilinear relationship 
between the refraction and the uncor- 
rected visual acuity (Fig 3), as 
described mathematically by the fol- 
lowing polynomial regression equa- 
tion: VA = 55.14 + 5.67 (REF) — 3.80 
(REF?) — 0.32 (REF?), where VA rep- 
resents the uncorrected visual acuity 
in total number of letters read and 
REF represents the spherical equiva- 
lent of the cycloplegic refraction. The 
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20/ 10 to 
20/20 


20/25 to 20/40 


20/32 


20/50 to 
20/80 


Uncorrected Visual Acuity 


20/100 to 20/200 
20/ 160 or Worse 


Fig 2.—For eyes with refractive error of —2.00 D to —2.50 D, uncorrected visual acuity was 


Wie: in operated eyes (n = 29) one year after radial keratotomy than in unoperated eyes 
n = 56). 






Table 1.—Uncorrected Visual Acuity for 
Refractive Errors One Year After Radial Keratotomy 






Spherical Equivalent of the Cycloplegic Refraction, % * 
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D D D D D D D 
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20/80 20/40 20/25 20/20 20/20 20/20 20/32 


* Values express the percent of patients with each visual acuity within the range of refraction such that 
each column totals 10096. 


88 Arch Ophthalmol— Vol 105, Jan 1987 





hy 


constant term, 55.74, was the average 
number of letters seen by an eye that 
was emmetropic one year after radial 
keratotomy (20/20 in Snellen nota- 
tion). The coefficients in the regres- 
sion equation apply to this data set 
and cannot be assumed to apply to all 
patients. 

As a measure of the variability in 
visual acuity for a given refractive 
error, we used the regression equation 
to calculate the 90% confidence inter- 
vals of the predicted visual acuity 
given a specific amount of refractive 
error one year after radial keratot- 
omy (Table 2). Each 90% confidence 
interval spanned six to seven Snellen 
lines. For example, we are 90% confi- 
dent that the visual acuity of a patient 
with a refraction of —2.00 D one vear 
after radial keratotomy would be 
between 20/32 to 20/100 (six Snellen 
lines). 

Myopic eyes generally had a worse 
visual acuity than hyperopic eyes with 
a refraction of similar magnitude (Fig 
3). For example, ten eyes with a myo- 
pic refraction of —1.50 D had a mean 
visual acuity of 20/40 (SD = nine let- 
ters), while seven eyes with a hyper- 
opic refraction of +1.50 D had a visual 
acuity of 20/20 (SD - ten letters). 

Another way to look at the relation- 
ship between visual acuity and refrac- 
tive error is to group the eyes accord- 
ing to visual acuity and then examine 
the variation in the refractive error 
for each acuity. Within each level of 
visual acuity between 20/16-and 20/50, 
the refractive error spanned 3 to 5 D 
(Table 3). The ranges of refractive 
error were narrower (0.125 to 2.125 D) 
within each level of acuity better than 
20/16 and worse than 20/50. 


Relationship Between 
Astigmatism and Visual Acuity 
After Radial Keratotomy 


Using a one-way analysis of vari- 
ance, we compared the average 
amount of astigmatism among the 
seven refractive error groups defined 
in Table 1 and found no significant 
differences among the groups. The 
majority of patients (50% to 81%) in 
each refractive group had between 
0.00 and 1.00 D of astigmatism. 

Astigmatism reduced visual acuity 
in patients with smaller spherical 
equivalent refractive errors. For the 
188 eyes with a spherical equivalent of 
the cycloplegic refraction between 
—0.50 and +1.00 D, a decrease in 
visual acuity was somewhat associ- 
ated with an increase in astigmatism 
(r = —.54). Astigmatism had no sig- 
nificant effect on visual acuity in 
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Uncorrected Visual Acuity One Year 
After Radial Keratotomy 


—2.00 — 1.00 





T 3.00 


+2.00 


0.00 +1.00 


Spherical Equivalent of Cycloplegic Refraction at One Year, Diopters 


Fig 3.—Scattereram of visual acuity and refraction demonstrates six-Snellen-line range of 
acuity that exists for most refractive errors. Curved line represents the following polynomial 
regression equation relating uncorrected visual acuity (VA) and refractive error (REF): 
VA = 55.74 + 5:87 (REF) — 3.80 (REF?) — 0.32 (REF?), for which R? = 0.70. 


patients with larger refractive errors 
(r2 —.29 to 4.18) in each of the 
remaining refractive groups. 


Effect of Age on Variability in 
Visual Acuity 


For patients with a hyperopic 
refraction (—0.62 to +3.00 D), an 
increase in age was somewhat associ- 
ated with a decrease in visual acuity 
(r = —.40). For each decade increase 
in age, there was an average decrease 
of about one Snellen line in the uncor- 
rected visua. acuity beginning be- 
tween the ages of 40 and 45 years. For 
patients with a myopic refraction 
(—0.62 to —3.90 D), there was no rela- 
tionship between age and visual acu- 
ity (r= .11). The mean ages in years 
were 37.5 (SO = 7.7) and 32.0 (SD = 


6.6) for hyperopic and myopic 
patients, respectively. 
COMMENT 


Analysis ef the relationship be- 
tween visual acuity and refractive 
error in the PERK study revealed 
three major ‘ndings: (1) Uncorrected 
visual acuity was better by an average 
of three Snelien lines in operated than 
in unoperated eyes within the same 
small range of refractive error, ie, 
—2.00 to —250 D (Fig 2). (2) For a 
given refractive error, there was wide 
variability in the visual acuity (Fig 3) 
(Tables 1 and 2). The uncorrected 
visual acuity spanned five to ten 
Snellen lines within each 0.50- to 1.00- 
D range of the refractive error. (3) For 
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each level of visual acuity, there was 
variability in the refractive error (Ta- 
ble 3). The refractive error spanned 3 
to 5 D within each level of visual 
acuity between 20/16 and 20/50, but 
the range was much narrower, 0.125 to 
2.125 D, within each level of visual 
acuity better than 20/16 and worse 
than 20/50. 


Visual Acuity in Operated and 
Unoperated Eyes With the Same 
Refractive Error 


To corroborate our finding that 
eyes after radial keratotomy had a 
better uncorrected visual acuity than 
unoperated eyes with similar refrac- 
tive errors, we reviewed previously 
published data correlating visual acu- 
ity and refraction. Only a report by 
Crawford and colleagues! presented 
data in sufficient detail to allow com- 
parison. However, the results of any 
comparison between the two studies 
are questionable due to the likelihood 
of differences in testing conditions 
and patient age. We chose 109 PERK 
eyes with 0.50 D or less of refractive 
astigmatism and a cycloplegic refrac- 
tion between —0.50 and —3.00 D one 
year after surgery to compare with 
313 eyes with no refractive astigma- 
tism and a manifest refraction of 
—0.50 to —3.00 D reported by Craw- 
ford et al.’ 

Operated eyes in the PERK study 
had a better uncorrected visual acuity 
one year after surgery than the un- 
operated eyes reported by Crawford et 


al.’ The percentage and number of 
eyes with an acuity of 20/40 or better 
in each range of refractive error were 
as follows: —0.12 to —0.50 D, 100% 
(32/32) for the PERK study and 84% 
(98/117) in the Crawford et al study; 
—0.62 to —1.00 D, 88% (23/26) in the 
PERK study and 40% (53/134) in the 
Crawford et al study; —1.12 to —1.50 
D, 82% (14/17) in the PERK study and 
3% (1/37) in the Crawford et al study; 
and —1.62 to —3.00 D, 13% (8/23) in 
the PERK study and 0% (0/25) in the 
Crawford et al study. 

The reasons for differences in 
uncorrected visual acuity between 
operated and unoperated eyes with 
similar refractive errors are not 
known. We suggest speculative rea- 
sons based on two of the factors that 
determine the resolving power of the 
eye: the diameter of the pupil and the 
optical quality of the cornea. 

Diameter of the Pupil.—We com- 
pared the cycloplegic refraction with 


the pupil dilated and the uncorrected 
visual acuity with the pupil in its 
normal state. We did not measure 
uncorrected cycloplegic visual acuity. 
Patients undergoing radial keratot- 
omy may be slightly more myopic 
with their pupils dilated and, there- 
fore, they may have a better uncor- 
rected visual acuity with the pupil 
normal than would be suggested by 
the cycloplegic refractive error. 

The reason for this difference may 
relate to two optical aberrations that 
increase the myopic refractive error 
when the pupil is dilated. The first is 
the spherical aberration induced by 
the peripheral cornea and lens.‘ Dilat- 
ing the pupil allows peripheral rays to 
enter the eye and to form their clear- 
est image anterior to the original 
focal point, inducing an overall my- 
opic change. The second aberration is 
induced by the radial keratotomy; this 
change is caused by the relative para- 
central steepening of the cornea that 
appears at the edge of the clear zone, 
sometimes called the  paracentral 
knee. This aberration may produce a 
slight increase in refractive myopia 
when the pupil is dilated. 

Shape of the Cornea and Size of the 
Retinal Blur Circle.— When a distant 
point is imaged by an optical system, 
the image is not really a point, but 
instead a small spot or blur circle. The 
higher the resolution eficiency of the 
system, the smaller the blur circle. 
The shape of the norma! cornea forms 
a sphere centrally approximately 3.0 
mm in diameter with gradual progres- 
sive flattening toward the limbus. 
After radial keratotomy, the corneal 
shape is altered so that the central 
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zone is flatter, the paracentral zone 
relatively steeper, and the peripheral 
cornea progressively flatter toward 
the limbus. This circumstance is anal- 
ogous to an annular, concentric, bifo- 
cal contact lens, in which the central 
portion has less power and is focused 
for distance vision while the paracen- 
tral ring has more power and is 
focused for near vision. Thus, both a 
clearer image and a more blurred 
image result, with the two images 
together increasing the size of the 
blur circle. 

The larger blur circle should 
decrease the sensitivity to changes in 
focus and therefore make patients less 
sensitive to variations in refractive 
error, allowing them to see better 
than expected. The larger blur circle 
should also reduce the best-corrected 





Spherical Equivalent of the 
Cycloplegic Refraction, D 


Table 2.—Confidence Intervals for Uncorrected Visual Acuity in Eyes With 
Refractive Errors Between —3.00 and +3.00 D After Radial Keratotomy 


90% Confidence Intervals 
for Uncorrected Visual Acuity 


+2.50 20/20 to 20/80 7 
+2.00 20/ 16 to 20/50 6 
+1.50 20/12 to 20/40 6 
+1.00 20/10 to 20/32 6 
+0.50 20/10 to 20/32 6 

0.00 20/ 10 to 20/32 6 
—0.50 20/12 to 20/40 6 
—1.00 20/16 to 20/50 6 
— 1.50 20/25 to 20/80 6 
2.00 20/32 to 20/100 6 
—2.50 20/50 to 20/160 6 
— 3.00 20/63 to 20/200 6 


visual acuity. In the PERK study, 
13.4% of eyes lost one or two lines of 
best-corrected acuity.! 


Relationship Between 
Visual Acuity and Refractive Error 
After Radial Keratotomy 


After radial keratotomy, the uncor- 
rected visual acuity spanned five to 
ten Snellen lines within each 0.50- to 
1.00-D range of the refraction (Table 
1, Fig 3). This variability could not be 
ascribed to ocular pathology since all 
of the eyes were normal except for the 
simple, nonpathologic myopia. The 
variability was not induced by the 
radial keratotomy since other au- 
thors'?' have described a similar 
spread of visual acuity in normal 
eyes. 

In the present study, the relation- 









No. of 
Snellen Lines " 





* Modified Bailey-Lovie charts with five letters per line. Sources: Bailey and Lovie and Ferris et al.4:5 


ships between refractive error and 
visual acuity was best described with 
a polynomial regression equation that 
was then used to calculate the confi- 
dence interval for the visual acuity 
given a particular refraetive error. 
The width of the confidence interval 
was six or seven Snellen lines, indicat- 
ing wide variation in the visual acuity 
for a given refractive error. 

The reasons for variability in visual 
acuity for a given refractive error are 
not known. We were able to explain 
some of the variability by age and 
astigmatism and to postulate that 
variations in pupillary diameter may 
also contribute to the observed vari- 
ability. 

Differences in astigmatism ex- 
plained part of the variability in 
visual acuity for those eyes with 
smaller refractive errors. Eyes with a 
small spherical refractive error have 
a partially clear retinal image and 
therefore are probably more sensitive 
to the presence of astigmatism than 
those with a larger spherical error 


and an already blurred retinal 
image. 
Older patients with hyperopic 


refractive errors had somewhat worse 
visual acuities than younger patients 
because this latter group could over- 
come mild hypermetropia by accom- 
modation. 

The resolving power of the human 
eye is dependent in part on the size of 
the pupil, with a smaller pupil 
decreasing the size of the blur circle 
and increasing the visual acuity." 
Variation in pupil size might have 
accounted for some of the spread in 
the visual acuity for a given refractive 


Table 3.—Refractions for Uncorrected Visual Acuity One Year After Radial Keratotomy 


Uncorrected No. 
Visual Acuity of Eyes 


20/ 100 
20/125 
20/160 
20/200 or worse 


Spherical Equivalent of the Cycloplegic Refraction, %* 


+2.00 D +3.00 D Total, % 


*Values express the percent of patients with each refractive error within the specified visual acuity such that each row totals 100%. 
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error both before and after radial 
keratotomy. Unfortunately, we did 
not measure the diameter of the pupil 
under manifest conditions and, there- 
fore, could not test the effect of pupil 
size on visual acuity. We did measure 
pupil diameter under both scotopic 
and glare conditions, but we found no 
correlation between these pupillary 
diameters and the uncorrected visual 
acuity (r = —.04 under scotopic condi- 
tions, r= —.02 under glare condi- 
tions). 

The synkinesis reflex that results in 
a small pupil during accommodation 
may explain why hyperopic patients 
see better than myopic patients. 

We alse examined the distribution 


- of the refractive error for each level of 


visual acuity (Table 3). There was a 
wider (3 to 5 D) span in the refractive 
error asseciated with each of the bet- 
ter visual acuities between 20/16 and 
20/50, and a narrower (0.125 to 2.125 
D) span for those with each level of 
visual acuity outside this range, 
whether better (20/10 to 20/12) or 
worse (20/63 to 20/200 or worse). We 
would expeet eyes with exquisite 
resolving power (20/10 to 20/12) to 
have almest no refractive error. Those 
with good to fair visual acuity (20/16 
to 20/50) should manifest the wider 
spread as a result of normal biologic 


^ variation and variation in the new 


optical cenditions produced by radial 
keratotomy. The narrow range of 
refractive errors for eyes with a poor 
uncorrected visual acuity (20/63 to 
20/200 or worse) was an artifact of 
our selection criteria. If myopic 
patients with more than —3.00 D of 
refractive error had been included, it 
is likely that there would also be a 
broad range of refractive errors for 
eyes with a poor uncorrected visual 
acuity. 

From this information, we conclude 
that if a patient’s refractive error 
after radial keratotomy is known, an 
ophthalmologist can confidently pre- 
diet the visual acuity only within six 
or seven Snellen lines. Similarly, if 
the patient's visual acuity after radial 
keratotomy is known, the ophthalmol- 
ogist's ability to predict the refractive 
error is severely limited unless the 
patient sees exquisitely well (20/10 to 
20/12). The same kind of variability, 
of course, applies to normal unoper- 
ated eyes." As we gather more 
information on patients (such as pupil 
diameter) and increase our under- 
standing of human physiologic optics 
(including the effects of corneal 
asphericity), we may be able to better 
predict an individual patient’s visual 
acuity. 
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Standardization of Measurement 
Techniques 


Measurement of Visual Acuity.— 
Although clinical measurement of the 
visual acuity appears deceptively sim- 
ple, five variables must be controlled 
for accurate measurement. 

1. The visual acuity chart should be 
well calibrated. In the PERK study, 
we used modified Bailey-Lovie 
charts? that have the same number of 
letters (five) per line, lines of approxi- 
mately equal difficulty, and an order- 
ly geometric change in the height of 
the letters from one line to the next 
(Fig 1). These criteria are not present 
in the standard Snellen chart. 

2. Testing conditions should remain 
the same from one measurement to 
the next. In the PERK study, we mon- 
itored room illumination using a light 
meter and controlled the illumination 
and contrast of the acuity charts by 
placing them in a standardized light 
box.* 

3. The method of eliciting re- 
sponses from the patient should be 
standardized. In the PERK study, the 
coordinator, who was certified in a 
practical course in clinical examina- 
tion,? encouraged each patient to 
read all possible letters without lean- 
ing forward or squinting. 

The charts were seen only four 
times during the first year after sur- 
gery, limiting the ability of the 
patients to memorize the 70 letters on 
14 lines. 

4. A clear end point for best visual 
acuity should be established. Record- 
ing visual acuity as the smallest line 
on which the patient can read most of 
the letters, sometimes with an anno- 
tation of plus or minus the number of 
letters read on the adjacent lines, is 
an imprecise end point. We adopted 
the system suggested by F. L. Ferris, 
MD (written communication, Septem- 
ber 1984) in the diabetic retinopathy 
trials of counting the total number of 
letters read on the chart, dividing it 
by 5 (the number of letters on each 
line), and using the smallest line on 
which three or more letters would 
have been read as the equivalent 
Snellen acuity. 

5. Visual acuity worse than 20/200 
should be measured so that the 
change in uncorrected visual acuity 
can be quantified. This was not done 
in the PERK study. 

Measurement of Refractive Error.—To 
accurately measure the refractive 
change induced by surgery, a well- 
trained refractionist must measure 
the cycloplegic refraction to control 
for accommodation. Automated re- 
fractors may give confusing results 


after refractive corneal surgery, pre- 
sumably because of the altered optics 
of the cornea. Reporting the refractive 
error as the spherical equivalent is 
useful, but independent analysis of 
the amount of cylindrical error must 
also be reported. 


Reporting Results of 
Radial Keratotomy 


Although the cycloplegic refraction 
is currently the most accurate and 
precise measure of the change induced 
by radial keratotomy, reporting the 
refractive error in the absence of 
visual acuity provides an incomplete 
picture of the outcome of radial kera- 
totomy. In the present study, patients 
within a 1-D range of refractive error 
had a difference in visual acuity of 
five to ten Snellen lines (Table 1), so 
that the refractive error gave little 
information about the patient’s visual 
acuity. Similarly, many patients with 
an acuity or 20/20 or better had a 
significant residual refractive error. 
For example, 12% (24/198) of the 
PERK patients with a visual acuity of 
20/12 to 20/20 had a postoperative 
refraction between +1.12 and +3.00 D 
(Table 3). Presenting these patients’ 
visual acuity without noting the 
refractive error would obscure the sig- 
nificant overcorrection. Thus, both 
the cycloplegic refractive error and 
the visual acuity measured under 
standardized conditions should be 
presented together. 
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Calcification of Bruch’s Membrane in Angioid Streaks 
With Homozygous Sickle Cell Disease 


Lee M. Jampol, MD; Robert Acheson, FRCS; Ralph C. Eagle, Jr, MD; Graham Serjeant, FRCP, MD; Richard O’Grady, MD 


e Histochemical and light and electron 
microscopic studies of two eyes of a 
patient with homozygous sickle cell dis- 
ease and angioid streaks demonsirated 
heavy calcification and breaks in Bruch’s 
membrane. We were unable to demon- 
strate iron depesition by histochemical 
techniques or transmission electron 
microscopy. These studies suggest that 
calcification rather than iron deposition is 
the major factor leading to brittleness of 
Bruch’s membrane in patients with hemo- 
lytic anemia and angioid streaks. 

(Arch Ophthalmol 1987; 105:93-98) 


Argoad streaks may be present in 
patients with sickle cell disease.'* 
These streaks are most frequently 
seen in patients with homozygous 
(SS) disease,* although they have 
been occasionally reported in patients 
with sickle ceil hemoglobin C (SC) 
disease,* sickle cell 8-thalassemia,* 
and sickle eell trait.’ The prevalence of 
angioid streaks in association with 
sickle cell disease has been estimated 
to be approximately 1% to 2%,‘ but 
this increases with age in patients 
with SS disease. The figure rises to an 
astonishing 41% of patients with SS 
disease over the age of 45 years: 
We describe an elderly patient with 
SS disease who was noted to have 
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angioid streaks. The patient died, 
allowing light and electron micro- 
scopic studies of the eyes. We investi- 
gated the possible role of iron deposi- 
tion and calcification of Bruch's mem- 
brane in the formation of these 
angioid streaks. 


REPORT OF A CASE 


A 63-year-old man was first seen in 1973 
at the age of 52 years. He had a long 
history of SS disease. This diagnosis was 
based on the presence of a single major 
hemoglobin band in the position of hemo- 
globin S on alkaline and acid hemoglobin 
electrophoresis, and compatible hemoglo- 
bin A, and F levels. His visual acuity was 
best corrected to 20/20 bilaterally; exami- 
nation of the fundus revealed peripheral 
retinal vascular occlusions but no prolifer- 
ative retinopathy. The patiert was also 
noted to have prominent visualization of 
the choroidal vasculature zs well as 
angioid streaks (Figs 1 and 2). A skin 
biopsy specimen showed no evidence of 
elastic tissue degeneration or pseudoxan- 
thoma elasticum.* 

The patient was followed up. When he 
was seen in 1984, sector atrophy of the 
right iris was first noted. At that time the 
visual acuity was best corrected to 20/80 
OD and 20/50 OS. Fundus examination 
showed that the angioid streaks were more 
difficult to visualize because of increased 
prominence of choroidal vessels. The 
patient died on Sept 6, 1984, and his eyes 
were obtained and placed in Trump’s fixa- 
tive within 50 minutes. 


PATHOLOGIC FINDINGS 
Right Eye 


Gross Examination.—The horizontal- 
ly opened globe revealed a diffuse 
choroidal vascular pattern (sclerosis) 
posteriorly, focal perioptic pigmenta- 
tion, and several angioid streaks 
extending outward from the optic 
nerve head. The globe was paraffin 


embedded and stained with hematox- 
ylin-eosin, periodic acid-Schiff, Prus- 
sian blue for iron, and alizarin red for 
calcium. 

Light Microscopy.—Sections demon- 
strated numerous small gaps with 
straight edges in Bruch’s membrane 
posteriorly. Close to the optic nerve a 
large break in Bruch’s membrane was 
covered by retinal pigment epithelial 
(RPE) cells of variable size, shape, 
and pigment granulation. The baso- 
philic staining Bruch’s membrane 
appeared irregularly thickened, but it 
tapered down somewhat as it ap- 
proached the gap representing an 
angioid streak. The alizarin red stain 
for calcium was markedly and diffuse- 
ly positive posteriorly along Bruch’s 
membrane, while the Prussian blue 
reaction failed to reveal any iron 
deposition within the membrane even 
after decalcification techniques. Sev- 
eral sections demonstrated a small 
vascular channel extending through a 
break in Bruch’s membrane (Fig 3). 
This vessel extended a short distance 
beneath the RPE, which was further 
elevated inward by amorphous mate- 
rial. The overlying, artifactitiously 
detached retina appeared normal, as 
did the remaining retina, choroid, and 
vitreous body. 


Left Eye 


Gross Examination.—The eye was 
sectioned equatorially. Peripapillary 
atrophy, most prominent superiorly, 
was evident. Angioid streaks were 
noted surrounding the optic disc. 

Light and Electron Microscopy.— Fol- 
lowing removal of the retina, addi- 
tional segments of RPE and choroid 
were processed for scanning electron 
microscopy (SEM). The specimens for. 
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Fig 1.—Fundus of right eye. Left, Peripapillary angioid streaks; most prominent streak is at 12-o'clock 
position (arrow). Choroidal vessels are visible. Right, Fluorescein angiogram shows prominent peripapillary 


changes and streak superiorly (arrow). 





Fig 2.—Left, Prominent angioid streaks are seen in multiple areas. Right, Angiogram highlights 
streak nasal to optic disc (arrow). 


Fig 3.— Vascular channel extends through break in Bruch's membrane 
(arrows) and beneath distorted, elevated retinal pigment epithelium 
(hematoxylin-eosin, original magnification X200). 
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Fig 4.— Continuous layer of retinal pigment epithelium bridges gap in 
thickened, calcified Bruch's membrane. Photoreceptors of artifacti- 
tiously detached retina appear normal in 1-um-thick plastic section 
(toluidine blue, original magnification X 160). 
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Fig 5.—Posterior Bruch’s membrane adjacent to angioid streak is heavily calcified. Retinal pigment 
epithelium contains rare apical melanin granules and numerous lipofuscin and melanolipofuscin granules. 
Retinal pigment epithelium is artifactitiously detached from its thin basement membrane, and basal 
infoldings are sparse (X6080). 


SEM included a segment of superior 
juxtapapillary tissue that contained 
an angioid streak. Segments of retinal 
and choroidal tissue that included the 
superior nasal, inferior, and temporal 
peripapillary regions of the globe 
were processed for transmission elec- 
tron microscopy. The remaining tis- 
sue was embedded in paraffin for 
light microscopy. Sections were 
stained with hematoxylin-eosin, peri- 
odic acid-Schiff, modified Mallory's 
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reaction for iron, and the von Kossa 
and alizarin red stains for calcium. 
Hematoxylin - eosin - stained sec- 
tions revealed focal basophilia consis- 
tent with calcification of Bruch’s 
membrane. Both the alizarin red and 
von Kossa stains demonstrated large 
amounts of calcium in Bruch’s mem- 
brane, while modified Mallory’s reac- 
tion revealed no iron in this structure. 
Light microscopy of l-um-thick plas- 
tic sections of tissue embedded for 


transmission electron microscopy dis- 
closed marked thickening and calcifi- 
cation of Bruch's membrane. These 
changes were most prominent posteri- 
orly. Here, several dehiscences or gaps 
in Bruch's membrane consistent with 
angioid streaks were also present. 
Bordering the breaks, Bruch's mem- 
brane terminated abruptly with only 
minor splintering (Fig 4). Overlying 
the gaps in Bruch's membrane, the 
RPE was intact. Patent choriocapil- 
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Fig 6.—Calcification of Bruch’s membrane is confined primarily to central elastic layer and portions of 
adjacent inner and outer collagenous zones. Basement membranes of choriocapillaris and retinal pigment 
epithelium are uninvolved. Inset, Calcification at higher magnification (X 15 040; inset, X30 400). 


laris that contained sickled erythro- 
cytes was separated from the base of 
the convoluted RPE by a layer of 
connective tissue. There was no evi- 
dence of hemorrhage, fibrovascular 
ingrowth, or serous detachment in 
this eye. 

Transmission electron microscopy 
confirmed that Bruch’s membrane 
was massively calcified (Fig 5). Calci- 
fication involved the central elastic 
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portion of Bruch's membrane and por- 
tions of the inner and outer collage- 
nous layers. It did not involve the 
basement membranes of the RPE and 
choriocapillaris (Fig 6). The RPE was 
focally detached from its basement 
membrane and lacked normal basal 
infoldings. The RPE was variable in 
thickness and displayed focal duplica- 
tion. Dome-shaped cells and occasion- 
al macromelanosomes were observed. 


The basement membrane of the cho- 
riocapillaris endothelial cells ap- 
peared slightly thickened. Sickled 
erythrocytes that contained linear 
strands of “crystallized” hemoglobin 
were found within the patent lumen of 
the choriocapillaris (Fig 7). The SEM 
findings were unrevealing. In regions 
known to contain angioid streaks, the 
RPE was intact and no abnormalities 
or defects were noted. 
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Fig 7.—Disordered retinal pigment epithelium bridges gap in Bruch's membrane. Large dome-shaped cell 
at left contains several macromelanosomes. Layer of loose extracellular matrix material is interposed 
between basal retinal pigment epithelium and patent choriocapillaris (below). Intraluminal, sickled 


erythrocyte (arrow) contains strands of ‘‘crystallized’’ hemoglobin (X6080). 


COMMENT 

Angioid streaks can be seen in asso- 
ciation with sickle cell disease,'* and 
there have also been occasional 
reports of angioid streaks in patients 
with other hemolytic anemias, includ- 
ing hereditary spherocytosis, hemo- 
chromatosis, hemosiderosis, and vari- 
ous forms of thalassemia.” Even 
sickle eell trait has been associated 
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with angioid streaks,’ but it is possible 
that some of these associations are 
merely fortuitous and not causal. 
Geeraets and Guerry?? hypothesized 
that elastic tissue degeneration in 
Bruch's membrane in sickle cell dis- 
ease, similar to that seen with pseudo- 
xanthoma elasticum, could be the 
cause of the angioid streaks of sickle 
cell disease. Paton? suggested that the 


deposition of iron in Bruch's mem- 
brane could be à primary pathogenic 
event. He stated, “From the hemolysis 
of sickle cell disease, iron might enter 
Bruch’s membrane .. . and by its pres- 
ence in the membrane induce calcifi- 
cation and breaks." Paton did not 
suggest that iron deposition itself 
might cause fragility of Bruch’s mem- 
brane. Recent reports have suggested 
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that iron deposition might be the 
cause of fragility of Bruch’s mem- 
brane and predispose it to crack- 
ing.**'° In our patient with SS disease 
and angioid streaks, the posterior 
part of Bruch’s membrane was heavi- 
ly calcified. This calcium deposition 
was documented by routine histo- 
chemical stains and transmission 
electron microscopy. Histochemistry 
and transmission electron microscopy 
revealed no obvious deposition of iron 
or hemosiderin in Bruch's membrane. 
Thus, the brittleness of Bruch's mem- 
brane seemed to be related to calcifi- 
cation. Our failure to demonstrate 
large quantities of iron in the later 
stages of the disease process certainly 
does not rule out the possibility that 
small amounts of iron released by 
hemolysis could have initiated the cal- 
cification. Hagedoorn'^ described pos- 
itive iron staining of Bruch's mem- 
brane in a case of angioid streaks 
associated with pseudoxanthoma elas- 
ticum. This observation has not been 
confirmed, however. It is of interest 
that skin biopsy specimens from three 
patients with SS disease and angioid 
streaks did not demonstrate calcifica- 
tion or iron deposition. In another 
case of ours with severe siderosis bul- 
bi following prolonged intraocular 
foreign-body retention, iron deposi- 
tion was apparent in epithelial struc- 
tures and retina but not in Bruch's 
membrane." This suggests either that 
Bruch's membrane is not a preferen- 
tial site for iron deposition or that the 
amounts deposited are minimal and 
cannot be identified by the presently 
used techniques. The cause of the cal- 
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cification of Bruch’s membrane in 
patients with sickle cell disease and 
angioid streaks remains uncertain, 
although perhaps choroidal vascular 
occlusions*'® could damage Bruch’s 
membrane. 

The histopathologic appearance of 
the angioid streaks in this case of 
hemoglobin SS disease is identical to 
that reported in other systemic condi- 
tions that are commonly accompanied 
by angioid streaks,'”'* such as pseudo- 
xanthoma elasticum, and Paget’s dis- 
ease. A skin biopsy specimen from our 
patient failed to implicate concurrent 
pseudoxanthoma elasticum?* as the 
cause of the calcification. Presumably 
the deposition of calcium imparts an 
eggshell-like brittleness to Bruch’s 
membrane that predisposes it to 
mechanical fracture when the globe is 
forcibly compressed or rubbed. The 
posterior insertion of the optic nerve 
may modulate the transmission of 
forces to Bruch’s membrane, produc- 
ing the typical radiating or concentric 
angioid streaks around the optic 
disc. 

Review of many sections prepared 
from the right globe identified one 
small area close to the optic nerve in 
which vascular channels extended 
beneath the RPE through gaps in 
Bruch’s membrane (sub-RPE neovas- 
cularization). This had not been 
detailed clinically several years earli- 
er despite the performance of fluores- 
cein angiography. It has been sug- 
gested that disciform macular degen- 
eration or subretinal neovasculariza- 
tion is rare in black patients. 
Although this supposition has been 
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primarily based on the study of 
patients with ocular histoplasmosis 
and age-related macular degenera- 
tion, it also is possible that this might 
be true with angioid streaks. It is 
interesting that only two of 21 black 
patients with SS disease and angioid 
streaks examined in Jamaica had clin- 
ically diagnosed disciform degenera- 
tion. This seems a low figure com- 
pared with previous studies where 
more than 50% of patients with 
angioid streaks developed disciform 
scarring.” A careful study investi- 
gating the incidence of  angioid 
streaks with disciform degeneration 
in patients of different racial origins 
(whites and blacks) is necessary to 
prove this point. The presence of 
breaks in Bruch’s membrane in the 
left eye and much of the right eye 
without the presence of sub-RPE 
neovascularization emphasizes that a 
defect in Bruch’s membrane alone 
does not invariably lead to neovascu- 
lar invasion of the sub-RPE space. 
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mere disruption of the mechanical 
barrier modulate neovascular in- 
growth. For example, neovasculariza- 
tion could be inhibited by an overlying 
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Glaser and associates recently 
showed that RPE can release a factor 
that inhibits neovascularization in an 
in vitro system. 
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Corneal Immunoglobulin Deposition 


in the Posterior Stroma 


A Case Report Including Immunohistochemical 
and Ultrastructural Observations 


Naguib H. Yassa, MD; Ramon L. Font, MD; Ben S. Fine, MD; Bruce H. Koffler, MD 


@ Corneal buttons from a patient with 
bilateral, central, deeply located white 
corneal deposits that resembled the clini- 
cal description of filiform dystrophy were 
examined by means of light microscopy, 
immunohistocnemistry, and electron mi- 
croscopy. With light microscopy, the aci- 
dophilic fusiferm deposits were seen to 
be oriented parallel to the stromal lamel- 
lae and were mostty in the pre-Descemet 
region. Immunohistochemical studies dis- 
closed that tme stromal lesions stained 
positively for IgG and A light chain. With 
electron micrescopy, the immunoglobulin 
deposits within the deep corneal stroma 
appeared to be locally synthesized by the 
keratocytes. Recent examination of the 
patient's serum failed to disclose dyspro- 
teinemia. 

(Arch Ophtialme!l 1987;105:99-103) 


I" 1934, Meesmann!' described depos- 
its distributed throughout both 
corneas in s patient who had Bence 
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Jones proteinuria. He studied the 
deposits histologically and considered 
them to be identical with Bence Jones 
proteins. Several additional clinical 
reports, without histologic documen- 
tation, described corneal deposits in 
patients?^ In 1959, Aronson and 
Shaw? described a patient with multi- 
ple myeloma who had corneal and 
conjunctival crystalline deposits. His 
condition had been previously diag- 
nosed as bilateral nonfamilial crystal- 
line corneal dystrophy. Histologic 
examination of a conjunctival biopsy 
specimen disclosed that the material 
was lipoidal. In 1967, François‘ re- 
ported a case that had been diagnosed 
clinically as corneal dystrophy and 
that involved the posterior half of the 
stroma in a patient who had abnormal 
y-globulin levels in his serum. After 
histologically studying the deposits, 
Francois concluded that they were 
paraprotein. 

Recently, additional cases have 
been reported with corneal immuno- 
globulin deposition in patients with 
dysproteinemia. The cases were stud- 
ied clinically, histologically, and elec- 
tron microscopically."" Of the few 
cases with pre-Descemet opacities 
that have been studied histologically, 
the deposits were intrakeratocytic 
lipofuscin in one case" and immuno- 
globulins secondary to systemic dys- 
proteinemia in the others.*? 

The case reported here is one in 
which the pre-Descemet deposits 
closely resembled the clinical descrip- 
tion of filiform dystrophy. Light and 


electron microscopic studies demon- 
strated that the deposits were com- 
posed of immunoglobulin synthesized 
locally in the deep corneal stroma by 
the keratocytes in a patient who did 
not have detectable dysproteinemia. 


REPORT OF A CASE 


In 1966, a 34-year-old man noted blur- 
ring of vision following an attack of mea- 
sles. He denied pain, discomfort, or any 
other previous ocular disease. He had long- 
standing hyperthyroidism, which was well 
controlled with iodine treatment. The 
paternal grandmother, as well as an aunt 
and her son, had hyperthyroidism. He was 
an only child. There was no family history 
of a similar ocular condition; there was a 
possibility of consanguinity, however. 

On examination two years later (1968), 
the best corrected visual acuity was 20/20 
OD and 20/50 OS. Both corneas had similar 
opacities that were limited to the central 
regions and composed of fine striae, which 
appeared to be more numerous and conflu- 
ent in the left eye (Fig 1). Evaluation with 
the slit lamp by retroillumination revealed 
the opacities to be optically dense linear 
striae of variable lengths. A crisscross 
pattern forming a lacy network was noted. 
With the optical section, the opacities were 
seen to occupy the deep stromal lamellae 
immediately in front of Descemet’s mem- 
brane (Figs 2 and 3). At that time, the 
ophthalmologist would have favored the 
diagnosis of lattice dystrophy if these 
lesions had been more anterior. 

Within a year (1969), visual acuity in the 
left eye deteriorated to 20/70, and a 7.5- 
mm keratoplasty was performed. At the 
time of surgery, there were some operative 
complications and the lens had to be 
removed. 
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Fig 1.—Clinical photograph of left eye (1969) 
showing deep corneal lacework pattern (AFIP 
negative 69-9214). 


A few months later, the patient was 
examined in consultation by members of 
the staff in the Department of Ophthalmic 
Pathology at the Armed Forces Institute of 
Pathology, Washington, DC, and they were 
unable to come up with a good clinical 
diagnosis for the patient’s right cornea. In 
general, there was agreement that the 
lesion was more consistent with those 
described for “deep filiform dystrophy” 
than with any other specific entity. The 
lesions were not really filiform, however; 
they were much broader and not so dis- 
crete as the “textbook picture” of the latter 
dystrophy.” 

The patient was unavailable for follow- 
up for 13 years. In 1982, when he returned 
for examination, one of us (B.H.K.) noted 
that the patient’s left eye had recently 
developed neovascularization secondary to 
contact lens wear, which subsided with 
treatment, and that the right eye showed 
opacities similar to those seen earlier in 
the left (Fig 4). On examination two years 
later (1984), visual acuity in the left eye 
ranged from 20/40 to 20/80 with a contact 
lens, which apparently had caused marked 
edema. Visual acuity in the right eye was 
20/200, and a penetrating keratoplasty was 
done on that eye. 

Protein analysis done in January 1986 
showed the following values: total protein, 
7.30 g/dL (73 g/L); albumin, 4.34 g/dL (43 
g/L); a,-globulin, 0.20 g/dL (2 g/L); ax- 
globulin, 0.62 g/dL (6 g/L); 8,- and £,- 
globulin, 0.94 g/dL (9 g/L); y-globulin, 1.20 


100 


Arch Ophthalmol— Vol 105, Jan 1987 





Fig 2.—Slit-lamp photograph of area near 
edge of lesions showing deep stromal or 
pre-Descemet location (AFIP negative 72- 
1996-1). 


g/dL (12 g/L); and albumin-globulin ratio, 
1.5. All of these values were within normal 
limits. The results of serum immunoelec- 
trophoresis with quantitation of heavy- 
and light-chain immunoglobulins were 
also within normal limits at this time. 


MATERIALS AND METHODS 


The left eye keratectomy specimen, 
obtained in 1969, was immediately 
bisected; one half was fixed in cetylpyrid- 
inium chloride and fixed for electron 
microscopy and the other half was submit- 
ted in 10% buffered formalin and embed- 
ded in paraffin. The paraffin sections were 
stained with hematoxylin-eosin, periodic 
acid-Schiff (PAS), Masson trichrome, Ver- 
hoeff-van Gieson’s, Wilder’s reticulin, von 
Kossa’s, alizarin red, alcian blue, colloidal 
iron, Congo red, and gentian violet. The 
sections were also examined under polar- 
ized light for birefringence. 

The keratectomy specimen of the right 
eye was received at the Armed Forces 
Institute of Pathology in 1985. It was cut 
into three pieces by two central parallel 
cuts 2 mm apart. The central portion was 
embedded in epoxy resin for electron 
microscopy, and another portion was 
embedded in paraffin. The paraffin sec- 
tions were stained with a battery of special 
stains similar to the one used in the left 
eye. Additionally, they were stained for 
acid fastness with trinitrophenol (picric 
acid) counterstain, oil red O for 72 hours 
(after the sections were deparaffinized), 





Fig 3.—Slit-lamp photograph of deep corneal 
lesions in pupillary zone. Large pre-Desce- 
ment accumulations can be clearly seen (AFIP 
negative 72-1996-2). 





- "ap" 


Fig 4.—Clinical photograph of right eye 
(1984) showing deep corneal lecework (AFIP 
negative 85-7329). 


and Fontana's stain. Immunoperoxidase 
stains for immunoglobulins were done on 
glued paraffin sections. They were also 


done on paraffin sections of the left cornea 
available since 1969. 


RESULTS 
Histologic Examination 


Examination of the left cornea 
showed that the corneal epithelium, 
its basement membrane, and Bow- 
man’s membrane were unremarkable. 
The stromal lamellae immediately in 
front of Descemet’s membrane 
showed discrete, fusiform extracellu- 
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Fig 5.—Upper i«se* shows heavy accumulation of pre-Descemet material in left eye. Material 
stains charactersticaily deep red with Masson trichrome stain (AFIP negative 72-17854; original 
magnification X 305.. Electron micrograph shows deep corneal stroma heavily infiltrated with 
abnormal depos-s. Anterior Descemet’s membrane (D) shows normal (1000A-banded) structure 
(AFIP negative 6-'1236; original magnification X 12 000). In lower inset, immunoperoxidase 
staining indicates that lesions have A light chain positivity (AFIP negative 85-7328; original 


magnification X 80). 


Fig 6.—Regiorwof corneal stroma at junction of anterior third and posterior two thirds showing 
intracellular accumuiation of material. There is minimal extracellular accumulation (original 
magnification > 28-200). Upper inset more clearly shows region of granular endoplasmic 
reticulum with ts content. Granular endoplasmic reticulum encloses (arrows) intracellular 
accumulation (AFIP negative 85-7334; original magnification X38 000). Lower inset shows that 
intracellular accumulations in this region are periodic acid-Schiff-positive (arrows) (AFIP 
negative 85-7280; 630). 


lar deposits that were oriented paral- 
lel to the cerneal lamellae. Similar 
lesions that were smaller and fewer 
occupied the Jeep stroma just in front 
of those in the pre-Descemet area. No 
abnormal material was observed in 
the anterior -we thirds of the stroma. 
The pre-Descemet deposits were 
eosinophilic with hematoxylin-eosin, 
positive witL PAS, red with Masson 
trichrome, <nd moderately argyro- 
philic with Wider's reticulin stain. 
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The deposits did not demonstrate con- 
gophilia or metachromasia. Alcian 
blue at pH 2.5 and colloidal iron stains 
for acid mucopolysaccharides were 
negative. The keratocytes lying in the 
posterior two thirds of the stroma 
revealed intracytoplasmic PAS-posi- 
tive material, somewhat rectangular 
in shape, lying side by side and with 
the same staining characteristics as 
the extracellular deposits. This mate- 
rial (both intracellular and extracel- 


lular) was most prevalent in the axial 
portion of the pre-Descemet region, 
and its prevalence decreased gradual- 
ly anteriorly and peripherally so that 
the extracellular deposits were absent 
from the anterior two thirds of the 
stroma and the intracellular material 
was absent from the keratocytes lying 
in the anterior third of the stroma. 
Descemet’s membrane and the endo- 
thelium were normal. 

Histopathologic examination of the 
right cornea showed essentially simi- 
lar findings to those described in the 
left, except that the lesions were more 
prominent. Additionally, acid fast- 
ness with trinitrophenol (picric acid) 
counterstain and oil red O for 72 hours 
(after the sections were deparaffin- 
ized) were negative for lipofuscin, as 
was the Fontana stain. Stains for acid 
mucopolysaccharides were also nega- 
tive. 

Immunoperoxidase stains showed 
that the deposits were positive for IgG 
and À light chain in the right cornea 
and that they were positive for A light 
chain in the left (Fig 5, lower inset), 
but no additional histologic material 
was available for heavy-chain stain- 
ing. 


Electron Microscopy 


Transmission electron microscopy 
of the right cornea showed that the 
epithelium, its basemert membrane, 
and Bowman's layer were unremarka- 
ble. The keratocytes and collagen 
fibrils in the anterior third of the 
stroma were normal. The keratocytes 
lying in the posterior two thirds of the 
stroma showed intracyteplasmic elec- 
tron-dense proteinaceous material 
that lay within dilated cisternae of 
rough-surfaced endoplasmic reticu- 
lum (Fig 6). The macromolecules of 
the proteinaceous material at high 
magnification were in the form of 
sinuous microfilaments cut in many 
planes (Fig 7). There was no evidence 
of lamination or periodicity in this 
material. There were fewer kerato- 
cytes in the pre-Descemet region than 
in the rest of the cornea. The extracel- 
lular deposits lying in the posterior 
third of the stroma were morphologi- 


. cally similar to the intracellular ones, 


ie, electron-dense proteinaceous mac- 
romolecules in the form of sinuous 
microfilaments cut in many planes 
(Fig 7, upper inset). There was no evi- 
dence of lamination or periodicity in 
the material. The collagen fibrils adja- 
cent to the extracellular deposits were 
both displaced and replaced by them, 
while in the anterior two thirds of the 
stroma the fibrils were normal. 
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Electron microscopy of the left eye 
showed findings essentially similar to 
those observed in the right (Fig 5). 
Descemet’s membrane and the endo- 
thelium were normal. 

The intracellular and extracellular 
material was morphologically identi- 
cal in both eyes (Fig 7, upper inset). 


COMMENT 


Immunoglobulins are proteins with 
a characteristic structure: two heavy 
and two light chains joined by disul- 
fide bonds. There are five classes of 
immunoglobulins—IgG, IgA, IgM, 
IgD, and IgE—and, for certain of 
these, subclasses, which are deter- 
mined by the structure of the heavy 
chains." 

The B lymphocytes, one of the two 
groups of lymphocytes, develop after 
antigenic stimulation into plasma 
cells capable of synthesizing and 
secreting immunoglobulins. These 
cells are thus associated with humoral 
immunity. T lymphocytes, the other 
group, are responsible for cell-medi- 
ated or delayed hypersensitivity reac- 
tions.!'^!* 

Bilateral immunoglobulin deposits 
in the cornea have been reported clin- 
ically in patients with dysproteine- 
mia.^ Aronson and Shaw? histologi- 
cally studied the limbal conjunctiva 
from a patient who had multiple 
myeloma with corneal and conjuncti- 
val crystals. They described the crys- 
tals as being probably lipoidal. By 
x-ray and electron diffraction, Laib- 
son and Damiano’ analyzed crystals 
in the cornea, conjunctiva, and bone 
marrow of a patient with monoclonal 
gammopathy. They found that x-ray 
diffraction rings obtained from the 
abnormal crystalline deposits closely 
matched cholesterol stearate patterns 
and that electron diffraction findings 
were suggestive of this lipid. 

Meesmann! (1934), on histologic 
examination of an excised fragment of 
the cornea from a patient who had 
Bence Jones proteinuria, reported 
that the corneal crystals found in that 
patient were identical both in their 
form and in their reactions to various 
dyes, with a precipitate of Bence Jones 
protein in the renal tubules or in bone 
marrow. He concluded that the sub- 
stance precipitated in the cornea was 
probably Bence Jones protein. 

Several cases with immunoglobulin 
deposition in the cornea have been 
reported and studied clinically, histo- 
logically, and electron microscopical- 
ly.” Topographically, the deposits 
were central," peripheral? midperi- 
pheral,” or diffuse.* They did not show 
any predilection for a specific area in 
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Fig 7.—Both intracellular (arrows) and extracellular accumulations are present in deep corneal 
stroma (AFIP negative 85-7335-14; original magnification X7500). Upper inset shows macro- 
molecules of intracellular material to be composed of sinuous filaments in disarray, morpholog- 
ically similar to extracellular accumulations observed at same magnification. Lower inset shows 
heavy accumulation of pre-Descemet material in right eye. Material stains characteristically 
deep red with Masson trichrome stain (original magnification X200). 


the cornea and were found in the 
epithelium"; in Bowman's membrane 
and in the superficial stroma’; 
between the epithelial layers, in Bow- 
man's membrane, and throughout the 
cornea’; throughout the stroma‘; and 
in the pre-Descemet stroma. Their 
location has been described as extra- 
cellular, > intracellular in the kera- 
tocytes, or both intracellular and 
extracellular in the epithelium." 

Cagianut and Theiler" histological- 
ly studied the eyes of eight patients 
with macroglobulinemia and found 
PAS-positive material between the 
corneal epithelium and Bowman's 
membrane in one of the eight. Unfor- 
tunately, these cases were not studied 
clinically. 

Immunoglobulin deposition in the 
posterior corneal stroma has been 
reported several times. Rodrigues et 
al' described a patient with benign 
monoclonal gammopathy who had 
bilateral patchy crystalline deposits 
in the deep stroma, with greatest den- 
sity of the deposits in the midperiphe- 
ry. The deposits were located in the 
posterior stroma and were found by 
transmission electron microscopy to 
have linear and honeycomb profiles. 
They were located extracellularly, and 
the adjacent collagen fibrils and kera- 
tocytes were normal." François‘ 
described a case that was clinically 
diagnosed as a corneal dystrophy 
involving the posterior half of the 
cornea. Protein electrophoresis of this 
patient's serum showed that y-globu- 
lin had been reduced in level and 
replaced by an abnormal protein. His- 


tologic examination of the cornea 
showed that the collagen in the poste- 
rior third of the stroma had been 
replaced by hyaline homogeneous aci- 
dophilic masses of varying widths. 
The acidophilic material stained red 
with Masson trichrome. François, 
because of the various histochemical 
reactions, could not accurately estab- 
lish the nature of this material, but he 
apparently had little doubt that it 
“corresponded with deposits of ‘para- 
protein." The epithelium, Bowman’s 
membrane, and Descemet’s mem- 
brane were normal, but the endotheli- 
um was almost completely absent. 
Unfortunately, no electron microsco- 
py was done in this case.’ Oglesby’ 
described a patient with cryoglobuli- 
nemia and reticulohistiocytosis who 
had bilateral corneal deposits that 
were located chiefly in the posterior 
fourth of the stroma and appeared to 
affect Descemet’s membrane and pos- 
sibly the endothelium. He postulated 
that the corneal opacities could possi- 
bly be cryoglobulins as a manifesta- 
tion of cryoglobulinemia or a lipid 
substance as a manifestation of the 
reticulohistiocytosis. Unfortunately, 
no histologic examination was per- 
formed in that case. 

Our case had bilateral’ centrally 
located corneal deposits in the pre- 
Descemet region of the stroma. The 
deposits were optically dense and lin- 
ear in shape with a crisscross pattern 
forming a lacy network. This clinical 
description was reminiscent of pre- 
Descemet dystrophies and most close- 
ly resembled “deep filiform dystro- 
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phy.” Unlike the outcome in many of 
the clinically described pre-Descemet 
dystrophies,'*° the patient's visual 
acuity was sufficiently compromised 
within a 15-year period to warrant 
bilateral corneal transplantation. 
Histologie exammation of both corne- 
as revealed taat the immunoglobulin 
deposition was mainly in the posterior 
stroma, as ir the cases described by 
Rodrigues et al!“and by Frangois.* The 
immunogiobrins were found to be 
extracellular in zhe posterior third of 
the stroma znd intracellular in the 
keratocytes of the posterior two 
thirds. The cellazen fibrils in the pos- 
terior third appeared to be both 
mechanically displaced and replaced 
by the accumulating material. By 
transmissiomelectron microscopy, the 
immunogiobulins were seen to be 
located withia d lated cisternae of the 
rough endop-asmic reticulum in the 
keratocytes. The latter observation 
would strongly indicate synthesis by 
the keratocyses rather than phagocy- 
tosis. Furthermore, the intracellular 
and extracellular material appeared 
similar morphoogically (macromole- 
cules in the form of sinuous filaments 
eut in di£erent planes). The accumu- 
lations were nezviest in the deep cen- 
tral cornea This latter location 
showed the greatest accumulation of 
extracellular material, with fewest 
detectable <eratocytes. The deep, 
more peripheral, cornea contained 
numerous ke-atocytes with prominent 
granular endopasmic reticulum and 
minimal ext-acellular deposits, indi- 
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cating less productivity. 

Despite evidence that the immuno- 
globulins were manufactured by the 
keratocytes located in the posterior 
two thirds of the stroma, we consid- 
ered the possibility that the immuno- 
globulins were first present extracel- 
lularly and later phagocytosed by the 
keratocytes. Documentation of the 
phagocytic properties of the kera- 
tocytes supports this possibility.?^ 
This hypothesis was discarded, how- 
ever, since there was no extracellular 
material available for ingestion adja- 
cent to many keratocytes (Figs 6 and 
7). If the hypothesis were to be accept- 
ed, we assume that the probable 
sources of the immunoglobulin in this 
case would be by diffusion from the 
limbal blood vessels or from the aque- 
ous humor. However, no abnormal 
proteins could be detected in the 
patient's serum (at least by our cur- 
rent methods). 

The source of the corneal immuno- 
globulin in the cases previously 
reported varied. Barr et al* reported 
two cases in which immunoglobulin 
crystals were believed to be manufac- 
tured by the keratocytes throughout 
the stroma. They were located solely 
intracellularly within dilated cister- 
nae of rough-surfaced endoplasmic 
reticulum. Klintworth and co-work- 
ers! in their cases postulated that the 
tears may have been the source of the 
immunoglobulins found intracellular- 
ly and extracellularly in the epitheli- 
um. Rodrigues and co-workers" impli- 
cated the limbal vessels as the source 


References 


inemia: Report of two cases and review of the 
literature. Arch Ophthalmol 1980;98:884-889. 

9. Eiferman RA, Rodrigues MM: Unusual 
superficial stromal corneal deposits in IgG mon- 
oclonal gammopathy. Arch Ophthalmol 1980; 
98:78-81. 

10. Rodrigues MM, Krachmer JH, Miller SD, 
et al: Posterior corneal crystalline deposits in 
benign monoclonal gammopathy: A clinicopatho- 
logic case report. Arch Ophthalmol 1979;97:124- 
128. 

11. Klintworth GK, Bredehoeft SJ, Reed JW: 
Analysis of corneal crystalline deposits in multi- 
ple myeloma. Am J Ophthalmol 1978;86:303-313. 

12. Curran RE, Kenyon KR, Green WR: Pre- 
Descemet's membrane corneal dystrophy. Am J 
Ophthalmol 1974;77:711-716. 

13. Duke-Elder S, Leigh AG: Diseases of the 
outer eye, in Duke-Elder S (ed): System of Oph- 
thalmology. St Louis, CV Mosby Co, 1973, vol 8, pp 
950-951. 

14. Jackson WB, Gilmore NJ: Ocular immunol- 
ogy: A review (first of two parts). Can J Ophthal- 
mol 1981;16:3-9. 

15. Rahi AHS, Garner A: Immunopathology of 
the Eye. Philadelphia, JB Lippincott, 1976. 


of the immunoglobulins in their case, 
in which the immunoglobulins were 
posteriorly located in the stroma. 

Several interesting observations 
are worth recording in our case. First, 
the immunoglobulins were totally 
absent (both intracellularly and 
extracellularly) from the anterior 
third of the stroma. Second, the 
results of protein electrophoresis 
were within normal limits. In spite of 
that, we do not exclude the possibility 
of a dysproteinemia that we have been 
unable to detect by currently avail- 
able methods. Third, this case had 
many clinical features in common 
with the so-called pre-Descemet cor- 
neal dystrophies. Many clinical de- 
scriptions of pre-Descemet changes 
have appeared in the literature’*”’; to 
our knowledge, only one such case, 
interpreted as accumulating intraker- 
atocytic lipofuscin, has been examined 
by light and electron microscopy.” All 
other cases of pre-Descemet deposits 
examined histologically have been 
immunoglobulin infiltrates presum- 
ably secondary to other systemic dis- 
turbances.**!° Thus, in all cases diag- 
nosed clinically as “pre-Descemet dys- 
trophy,” one may consider examining 
the patient’s serum for the possibility 
of dysproteinemia. 
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How to make sure yout 
follow doctors orders- - 
without following then 


ii 
Wear. 
For both daily wear and extended wear 
A patients, adherence to recommended 


wearing schedules is essenti:l. But many 


SYSTEM FROM BAUSCH & LOMB TVs 





Daily wear schedules may range anywhere 
You do your best to encourage patient But you can't follow your patients home. from 4 to 18 hours per day. And although 
compliance. You give your patients the 
advice they need. You recommend the 
proper care products and explain how 
to use them. 


extended wear contact lenses have been 
FDA-approved for up to 30 days wear 
without removal, patients’ individual life- 
styles, working environments and phys- 
iology may vary. 


Now, because your patients’ eyes are so 
important, Bausch & Lomb has responded 
with a powerful, yet simple new patient 
compliance program—a program unlike 
any the field has ever seen. 


It's called the Bausch & Lomb Pro-Care 
System. And it consists of dynamic 
patient communication materials 

and informative consumer 
advertising. Look to the “Custom Wear” portion of the 
Bausch & Lomb Pro-Care System: it pro- 
vides you with Pro-Care Prescription 
forms which you or your ass stant can 
complete for each patient. 





















50 only you can determine the suitable 
wearing schedule for each individual 
patient. But once you do, how can you be 
certain the patient will follow it? 


The program will help you 
give your patients a clear 
understanding of exactly 
what compliance involves: 
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3 wearing schedules, care and The form indicates the individual’s 
cleaning, and lens replace- prescribed wearing schedule And it 
ment. It will give them a no- gives the patient a complete descrip- 


nonsense appreciation of why tion of which products to use and 
compliance is so important. And how to use them properly. Italso 
it will give you a new lists the designated date and time 
l level of professional Of the patient’s next follow-up visit. 
EN confidence. 








Most importantly, the form ircludes an 
agreement statement for the patient to 

sign, indicating that he/she agrees to com- 
ply with the care regimen and follow-up 
visits that you recommend. 


We will also provide you with an inno- 

vative three-month Pro-Care calendar you 

can send home with your patents, to help 
them get into the habit of regular care. You 

or your assistant can quickly customize the ^^ 
calendar to remind the patient when to 
remove his or her lenses, when to clean 

and disinfect them, and wher to return for 

a follow-up exam. 
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First, an informative 
four-page insert booklet 
entitled "How To Make 
The Most Of Your 
Contact Lenses" has 
appeared in America’s 
most widely-read 
monthly magazine: 
READER S DIGEST. In 
an easy-to-read "ques- 
tion and answer" for- 
mat, it delivers a high- 
impact message on the 
importance of meticu- 
lous lens care and regu- 
] lar eye care appoint- 

*] ments. It also lists a 
toll-free number con- 
sumers can call for more informa- 
tion or to request reprints. 


The free booklet will also be offered 
through a television campaign which 
begins in September. 


Finally, for your in-office use, 
reprints of the READER’S DIGEST 
booklet and copies of Bausch & Lomb's 
.;-. highly effective 
v» ^. "Compliance" 
f video 
tape 
are 
also 
available 
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Monitoring lens wear and tear, protein 
deposit build-up and discoloration can 
be accomplished through regular office 
visits. And that is the goal of the “New 
Pair” portion of the Pro-Care System. 


Your recommended care is the key to con- 
tact lens comfort—and, to optimal visual 
acuity and corneal health. While you can't 
4tlow your patients home to remind them 
of their responsibilities, our national con- 
sumer advertising can. That’s why it’s an 
important component in the "Custom 
Care" portion of the Pro-Care System. 


For your patients, we' ve produced a 
brochure entitled "Three Simple Steps 
To Healthy Contact Lens Wear." It 


upon request. 


ontactlens patients 


explains the concept of lens replacement 
through regular professional care. 


For you, the New Pair program offers a 
special value on the purchase of a lens 
comparator to help you properly evaluate 
the condition of each lens. 


And for eye care professionals who would 
like to institute an ongoing program of 
planned contact lens replacement, we have 
the Bausch & Lomb Fresh Lens system. 
This innovative program offers two signifi- 
cant advantages: regular lens replacement 
and follow-up exams for your patients, and 
an easy-to-run practice management system 
for you. Bausch & Lomb handles almost all 
of the program's administrative details. 


A Simple Approach 
To Better Compliance. 


Better patient compliance benefits 
everyone—those who wear contact lenses, 
those who prescribe them and those of us 
who manufacture them. 


And the simple truth is, better patient edu- 
cation is a key to better compliance. 


We're confident the Pro-Care System can 
help. So contact your Bausch & Lomb rep- 
resentative for more information on this 
unique program. Once you've reviewed it, 
we think you'll agree: it's the next best 
thing to following your patients home. 
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Laboratory Sciences 


DIU ee 


Pseudomonas Attachment to 


New Hydrogel Contact Lenses 


Juan A. Duran, MD; Miguel F. Refojo, DSc; Ilene K. Gipson, PhD; Kenneth R. Kenyon, MD 


@ The adhesion of two strains of Pseu- 
domonas aeruginosa to unworn hydrogel 
contact lenses (CLs) was studied by scan- 
ning electron microscopy. New daily-wear 
polymacon lenses (38.6% water content) 
and extended-wear lidofilcon A lenses 
(70% water content) were exposed to a 
suspension of 10° colony-forming units 
per milliliter of P aeruginosa for 2, 5, 15, 
30, and 60 minutes. Increasing numbers 
of bacteria were found to attach to the 
lenses with time, and no significant differ- 
ences between CL types were demon- 
strated. Attachment was considered to be 
irreversible since washing did not remove 
the bacteria. We conclude that P aerugi- 
nosa can actively attach to new, unworn 
hydrogel CLs. 

(Arch Ophthalmol 1987;105: 106-109) 


T)espite improvements in contact 

lens (CL) materials and designs, 
corneal infection remains one of the 
dangerous complications of CL use.! 
In the three largest reported series of 
CL wearers with corneal infection, 
Pseudomonas aeruginosa was found 
to be the most frequent causative 
agent, causing severe vision impair- 
ment in many eyes. The use of extend- 
ed-wear and therapeutic lenses and 
nonpreserved saline solutions for lens 
care carries the major risks for such 
infection.** Although the mechanism 
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of infection is not well understood, it 
has been shown that deterioration of 
the lenses, breaks, and deposits can 
invite bacterial growth?'*: indeed, bac- 
teria have been found to be attached 
to the surface of about one third of 
spoiled hydrogel lenses that were ana- 
lyzed by electron microscopy.'^' Cor- 
neal infections affect a small percent- 
age of CL wearers; however, about 18 
million people in the United States 
have been fitted with CLs, and the 
incidence of corneal infections seems 
to be increasing.” 

We tested the capability of P aeru- 
ginosa to adhere to new soft CLs of 
low and high water content and 
attempted to determine the charac- 
teristics of such adhesion, using scan- 
ning electron microscopy (SEM). 


MATERIALS AND METHODS 


Two types of hydrogel CLs were tested: 
polymacon (Soflens), a daily-wear lens, 
and lidofileon A (Sauflon), an extended- 
wear lens. The lenses have different water 
contents (38.6% and 70%, respectively) 
and are produced by different manufactur- 
ing methods (spin-cast and lathe-cut), 
resulting in dissimilar surfaces. 

Two strains of P aeruginosa, obtained 
from human corneal ulcers and identified 
by standard laboratory methods, were 
used." The organisms were grown over- 
night in tryptic soy broth at 36?C, and then 
washed three times in phosphate-buffered 
saline. After washing, the concentration 
was adjusted to 10* colony-forming units 
per milliliter and tested by means of a 
spectrophotometer (0.140 optical density 
reading at 590 nm). 

Under sterile conditions, each lens was 


cut radially into eight pieces, using scis- 
sors. Fully hydrated pieces of the CLs were 
placed in Petri dishes containing 5 mL of 
bacterial suspension for 2, 5, 15, 30, and 60 
minutes at room temperature and rinsed in 
double-distilled water for 30 s at 3000 rpm. 
The samples were then fixed in half- 
strength Karnovsky's fixative and dehy- 
drated with increasing concentrations of 
acetone (50%, 70%, 95%, and 100% for the 
polymacon lens; 15%, 30%, 50%, 70%, 
80%, 95%, and 100% for the lidofileon A 
lens). After critical-point drying with car- 
bon dioxide gas, the samples were gold 
palladium sputter-coated and examined by 
SEM, operating at 20 kV. Four random 
areas in the center and the corners of the 
front surface of each specimen were photo- 
graphed at X1200 magnification to count 
the number of bacteria on the surface, and 
at higher magnifications to study the char- 
acteristics of attachment. 

Two pieces of each CL type were used, 
one exposed to each Pseudomonas strain. 
The experiments were repeated four times. 
Bacteria per unit area were counted, the 
values were corrected for lens shrinkage 
due to dehydration, and mean values and 
SDs were obtained. We performed t tests to 
determine the significance of the differ- 
ences between the two bacterial strains 
and between the two types of lenses. 


RESULTS 


The bacterial counts are shown in 
the Table. The large SDs are the 
result of the difference in the number 
of bacteria between samples as well as 
between areas of the same sample 
because the bacteria were not uni- 
formly distributed on the exposed sur- 
faces. After two and five minutes of 
incubation, few bacteria were adher- 
ent, as seen by SEM; the number 
increased with exposure time. The 
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results at twe and five minutes were 
not analyzed statistically because of 
the relatively low number of bacteria 
and high SD. No differences were 
noted between the two types of CLs at 
30 and 60 mirutes, but at 15 minutes, 
significantly ‘ewer bacteria of strain 
B were attached to the lidofileon A 
lens than te the polymacon lens 
(P < .05). There were significant dif- 
ferences (P < .05) in the attachment 
of the two strains of bacteria for both 
types of lenses at 30 minutes and for 
the polymacen lens at 60 minutes. 
Although fewer bacteria of strain A 
than of strain B attached to the lido- 
fileon A lens. the difference was not 
statistically significant. The average 
rate of bacterial attachment was 
1400/mm?/mm for the zero- to two- 
minute period, 1560/mm"?/min for the 
two- to five-minute period, 1870/mm"?/ 
min for the five- to 15-minute period, 
2960/mm/m:n for the 15- to 30- 
minute period, and 840/mm"?/min for 
the 30- to 6@-minute period (Fig 1). 
Figure 2 shows the organisms on a 


lens after 5, 15, 30, and 60 minutes of 
exposure to Pseudomonas. 

After 15 minutes, flagella were seen 
reaching from the bacteria toward the 
CL and toward other bacteria (Fig 3). 
We found no tendency of the bacteria 
to adhere to irregularities of the lens 
surface. Also at 15 minutes, an amor- 
phous material appeared on the CL, 
mostly over and between the bacteria 
and in close contact with them. The 
material, which could be a bacterial 
biofilm or a contaminant of process- 
ing, did not show a regular distribu- 
tion, did not appear in all areas of the 
CL, and increased with exposure time 
(Fig 4). 


COMMENT 


The two types of hydrogel CLs we 
tested showed the same susceptibility 
to bacterial contamination. The sub- 
stantial difference in water content 
(38.6% vs 70%) and surface charac- 
teristics did not seem to affect the 
number of Pseudomonas organisms 
that adhered to the lenses. Moreover, 


. Pseudomonas Organisms Attached to New Contact Lenses | 


Mean (-- SD) Bacteria X 10?/mm?, 


Contact 


Lens Strain 2 5 


Polymacon 





Lidofilcon A 


Bacteria X 10?/mm* 


C 20 


0.7 + 0.6 80+ 4.4 23.1 + 9.6 
5.3 - 4.5 6.0 + 3.2 382 
2.7 + 2.3 8.9 + 7.3 30.6 
2.5 + 2.1 7.3 50 13.1 + 10.8* 53.9 + 18.6* 





by Exposure Time, min 


Pseudomonas —————7 > 


15 30 
85.3 + 34.4" 
17.6" 65.0 + 252" 


13.2 783+ 14.4* 


60 
114.7 + 52.9* 
84.1 + 24.5* 
101.2 + 39.1 
83.1 + 42.4 





40 60 


Incubation Time, min 


Fig 1.—Mean number of Pseudomonas organisms attached to new contact lenses at various 
exposure times Rate of attachment was highest between 15 and 30 minutes of exposure and 
lowest betweer 30 and 60 minutes. Squares indicate polymacon lens and Pseudomonas strain 
A; plus signs, polymacon lens and strain B; triangles, lidofilcon A lens and strain A; diamonds, 


lidofilcon A lens and strain B. 
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we did not notice increasing bacterial 
attachment to surface streaks of the 
lathe-cut lenses. During the early 
investigational stages of hydrogel 
lenses, it was assumed that microor- 
ganisms could penetrate the pores of 
the material.” Although the size of 
the pores varies with each polymer, 
the pores are too small to host bacte- 
ria. Microbial contaminants have 
been reported in about one third of 
spoiled CLs,'°!! and recent studies on 
lens spoilage suggested that breaks or 
protein and other organic deposits on 
the lens could facilitate bacterial and 
fungal growth.?'^ These studies, how- 
ever, assumed that bacterial adhesion 
was caused mainly by the organic 
deposits on the lens. Tragakis et al’ 
incubated CLs with bacteria for 24 
hours in a meat infusion broth and 
found that they attached to the lens. 
In our study, bacteria were washed 
and then incubated in phosphate- 
buffered saline to avoid the presence 
of organic products that might 
enhance adherence and to create a 
medium that resembles CL care solu- 
tions. 

Although the fundamental facts 
underlying the adhesion of bacteria to 
biological and nonbiological surfaces 
are not known,?^ it has been estab- 
lished that the process takes place in 
two stages: a first stage of temporary 
adhesion, in which bacteria can break 
away from the attachment surface, 
appears to be mediated by London- 
Van der Waals forces! 5; a second 
stage, defined by Marshall et al" as 
irreversible adhesion, is a time-depen- 
dent, firm union in which bacteria no 
longer exhibit brownian motion and 
cannot be removed by washing. In our 
study, we assumed that bacteria were 
in the second stage since they were 
not removed by washing. There is 
evidence that a bacterial polymer 
(biofilm) is one of the elements that 
anchors the bacteria,’ but the stim- 
ulus for the polymer synthesis and 
release has not been explained ade- 
quately, and it is not clear whether 
bacteria can sense and respond to 
direct contact between their cell enve- 
lope and other surfaces.? In our study, 
the time needed for bacterial attach- 
ment to CLs was comparable with 
that needed for attachment to injured 
corneas.™? In view of the different 
nature of the two surfaces, it appears 
that the bacteria might be the main 
active factor in the attachment pro- 
cess. This hypothesis is supported by 
the fact that although there was no 
difference in bacterial attachment 
between the lenses, there were differ- 
ences between the strains. 
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Heating or acid treatment kills bac- 
teria attached to the lens, but adher- 
ent residues that may also be undesir- 
able remain attached.” Several 
studies found bacteria (presumably 
dead)" or residues attached after the 
lenses had been cleaned.” Tripathi et 
al" also pointed out that denatured 
proteins from dead organisms proba- 
bly serve as an antigen that provokes 
an allergic reaction in conjunctiva and 
lids. 


Since lens care solutions may be 
contaminated with P aeruginosa,” the 
likelihood of contamination is high 
even without lens spoilage. Wilson et 
al” isolated the same species of Pseu- 
domonas from corneal ulcers and 
from the solutions that had been used 
for the patients’ CLs. It is not known 
how bacteria transfer from the lens to 
the cornea, but clinical impressions*? 
and indirect experimental data?!” 


suggest that an epithelial breakdown 





Fig 2.—Increasing number of organisms attached to polymacon lens after 5 (top left), 15 (top 
right), 30 (bottom left), and 60 (bottom right) minutes of exposure to suspension of Pseudomo- 


nas strain A (original magnification X 1200). 





Fig 3. —Polymacon lens after 15 minutes of exposure to Pseudomonas 
strain B showing flagella directed toward lens surface and adjacent 
organisms (original magnification X 15 000). 
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is g prerequisite for bacterial infec- 
tion. 

We also found that, after 15 
minutes of incubation, an amorphous 
substance surrounds or covers the 
bacteria. This substance could be the 
bacterial biofilm that has been widely 
studied in other biomaterials, such as 
pacemakers, catheters, and plastic 
hips. This biofilm, composed mainly 
of polysaccharides, provides an ideal 
environment for bacterial growth and 
walls off the outside environment.” 
Antibiotics penetrate the biofilm with 
difficulty, and its stability appears to 
be a major factor in the persistence of 
many chronic orthopedic infections.? 
At the same time, the biofilm also acts 
as a protective mechanism for the 
host since bacteria will breach this 
barrier only under favorable circum- 
stances.” At present, the significance 
of the biofilm in corneal infections 
related to CLs remains unclear. 

Bacteria are not inert colloidal par- 
ticles but are active organisms, and the 
characteristics of their envelope allow 
them to attach to solid surfaces.” 
After only a brief exposure to solutions 
containing bacteria, bacterial attach- 
ment can take place even in new soft 
CLs. As has been suggested for other 


biomaterials,” if the surface of CLs 


could be made resistant to adherence, 
the number of corneal infections re- 
lated to CL use might decrease. 
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EY05799 (Dr Kenyon) from the National Insti- 
tutes of Health, Bethesda, Md. Dr Duran was a 
Fulbright Fellow at the time of this study. 

We acknowledge Sandra Spurr and Laila Han- 
ninen for technical advice and Bausch & Lomb, 
Rochester, NY, for donation of CLs. 





Fig 4.—Lidofilcon A lens after 30 minutes of exposure to Pseudomonas 
strain A. Rod-shaped organisms are partly covered by amorphous 
material that is either processing debris or bacterial biofilm (original 
magnification X6000). 
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Extended-Wear Lenses, Biofilm, 


and Bacterial Adhesion 


M. Madison Slusher, MD; Quentin N. Myrvik, PhD; 


Jon C. Lewis, PhD; Anthony G. Gristina, MD 


@ While medical scientific knowledge 
pertaining to bacterial adhesion to bioma- 
terials has become a rapidly growing field 
in most areas of medicine, its significance 
in ophthalmic infections has not been 
emphasized. Corneal bacterial ulceration 
in patients wearing extended-wear con- 
tact lenses has become a problem of 
epidemic proportions. The designation of 
the contact lens itself as a suitable sub- 
stratum for bacterial colonization and as a 
source of subsequent inoculum to com- 
promised epithelial cells are important 
factors in the pathophysiology of corneal 
ulcer formation. We demonstrate polysac- 
charide- (biofilm-)mediated adhesion to 
two ophthalmic pathogens (Pseudomonas 
aeruginosa and Staphylococcus epider- 
midis) to the surface of a typical ex- 
tended-wear contact lens in vitro using 
cytochemistry and scanning and trans- 
mission electron microscopic techniques. 
This interaction between the biomaterial 
and bacterial organisms, which repre- 
sents a favorable self-protective environ- 
ment for propagation and inoculation, is a 
previously overlooked area of importance 
in the mechanism of corneal ulceration 
associated with hydrophilic (soft) contact 
lenses. 

(Arch Ophthalmol 1987;105:110-115) 


ane growing awareness of the poten- 
tial dangers of hydrophilic contact 
lenses in terms of bacterial corneal 
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ulceration is reflected by numerous 
well-documented cases in the ophthal- 
mic literature.'!° The most frequently 
isolated organism is Pseudomonas 
aeruginosa. Staphylococcus epider- 
midis has also been encountered. 
However, this relatively new and 
rapidly growing field of medical scien- 
tific knowledge surrounding biofilms 
and bacterial adhesion to biomateri- 
als is not emphasized in the current 
ophthalmic literature. Recent studies 
by Gristina et al, Webb et al, and 
Christensen et al" clearly implicated 
adhesive slime-producing bacteria as 
causal agents in biomaterial, foreign 
body, and osteomyelitic infections. 
Millions of biomaterial components 
have been permanently or temporari- 
ly implanted. These include joint 
replacements; heart valves; vascular 
prostheses; cardiac pacemakers; 
mesh-fabric devices; dental implants; 
transcutaneous, transmucosal, and 
intravascular catheters; and sutures. 
Almost every human will at some 
time host a biomaterial.'* A profound- 
ly disturbing complication of the use 
of many of these devices is resistant, 
recurrent, frequently catastrophic, 
and always costly infection.?*!*" 
Most microbes in natural ecologies 
routinely colonize surfaces or substra- 
ta by a variety of mechanisms. The 
protective biofilm resulting from 
their additional polysaccharide poly- 


mer production is particularly perti- 
nent to consideration of the surface of 
hydrophilic or soft contact lenses in 
the context of the ocular environment. 
This is especially true since these 
polysaccharide biofilms are protective 
of the organism, optimize its nutri- 
tion, and resist environmental antag- 
onists such as host defenses, antibod- 
ies, and macrophage function.!!» 

Microbial colonization of substrata 
is accomplished by a sequence of 
events that is dependent on environ- 
ment fluid graphics, flow rates, sur- 
face charge, van der Waal’s effect, 
hydrophobic interactions, and, ulti- 
mately, proteinaceous and/or polysac- 
charide adhesions." 

Pseudomonas aeruginosa is known 
to be a slime-producing pathogen and 
is the predominant organism associ- 
ated with cystic fibrosis, burn infec- 
tions, and many soft tissue infections 
in general and plastic surgery." Its 
extracellular polymer slime is be- 
lieved to confer a high degree of anti- 
biotic resistance." 

Staphylococcus epidermidis is now 
recognized as the most common cause 
of infection in total joint replace- 
ments. Recent laboratory studies and 
correlated clinical reviews indicate 
that S epidermidis has a particular 
affinity for many frequently used 
polymer biomaterial surfaces." 

Recent animal studies by Stern et 


Colonization of Bacteria on Contact Lenses. 


Bacterial Specimen 
Staphylococcus epidermidis (SE-360) 
Pseudomonas aeruginosa (BGSM- 1) * 
S epidermidis (SEBG- 1) 


No. of Colony-Forming 
Units per Half Lens 





* BGSM indicates Bowman Gray School of Medicine, Winston-Salem, NC. 
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Fig 1.—Scanning electron micrographs of Staphylococcus epidermidis colony organization. Left, Low-magnification 
micrograph showing discontinuous nature of colonies (original magnification X800). Note sharp demarcation between 
bacterial and nonbacterial areas. Right, Bacterial density variation from center (at left) or colony to edge (at right) (original 
magnification X 1875). 








Fig 2.— Series of scanning electron micrographs illustrating bacterial 
density, interaction, and slime elaboration at different places in 
colonies from Fig 1. Top left, At colony edge, single bacteria or small 
clusters are common (original magnification X15 000). Top right, 
Central from edge, bacterial clusters are more frequent, and organisms 
within clusters are interconnected by flocculent-appearing slime (origi- 
nal magnification X15 000). Bottom, Large clusters of bacteria are 
characteristic of colony center (original magnification 7500). 
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Fig 3.—Transmission electron micrographs showing bacterial-lens 
interaction and slime organization in ruthenium red-stained Staphylo- 
coccus epidermidis-colonized samples. Top left, Bacterium, which is 
positioned close to lens, is enshrouded by ruthenium red-stained layer 
that also extends across lateral lens surfaces. Note minimal ruthenium 
red staining at point of bacterial-lens contact (original magnification 
X65 000). Top right, Ruthenium red-stained layer on lens surface was 
highly variable and ranged in thickness from less than 10 nm (1) to 
more than 150 nm (2 and 3) in thickness. Noncolonized surfaces have 
thin and weakly positive character that differs from that of colonized 
surface (original magnification X23 400). Bottom, Ruthenium red- 


stained material encompasses bacteria within clusters, and flocculent 
material appears to provide continuity with lens surface (original 


magnification X30 420). 


al? suggested that bacterial adhesion 
to damaged or exposed basal epitheli- 
al cells, as documented by transmis- 
sion electron microscopy (TEM), is a 
critical event in the development of 
Pseudomonas and probably other 
types of bacterial corneal ulceration. 

The purpose of this communication 
is to present laboratory studies that 
qualitatively demonstrate the actual 
adhesion of two ophthalmic patho- 
gens (P aeruginosa and S epidermi- 
dis), produced in vitro, to the surface 
of a typical soft contact lens, as 
recorded by scanning electron micro- 
scopic (SEM) and TEM techniques. 
We also detail the probable role of 
bacterial adhesion to soft lenses in the 
formation of bacterial corneal ulcers. 
These newly recognized principles are 
an important first step in understand- 
ing the various mechanisms of bacte- 
rial ulceration in this important area 
of corneal ulcers and soft contact 
lenses. 


MATERIALS AND METHODS 
Microorganisms 


The bacterial species used in this study 
were chosen because of their prevalence in 
ocular infections (P aeruginosa) and for 
their known ability to colonize polymers (S 
epidermidis). The P aeruginosa strain, des- 
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ignated BGSM-1, was isolated from a 
human infection at Wake Forest Universi- 
ty Medical Center, Winston-Salem, NC. 
One S epidermidis strain used, designated 
as SE-360 capsular type II, had been previ- 
ously isolated from a human source at St 
Marianna University Medical School Hos- 
pital, Kawasaki, Japan, by Dr Yoshida. The 
other S epidermidis strain, designated 
SEBG-1, was isolated from the vitreous gel 
of an infected eye. Working cultures were 
maintained on Columbia agar with 5% 
sheep’s blood and were transferred every 
two or three weeks. 


Culture Media 


All bacteria were cultured in tryptic soy 
broth without dextrose (Difco Laborato- 
ries, Detroit) supplemented with 2.5% D- 
gluconic acid (Sigma Chemical Co, St Lou- 
is). This broth was designated TSB-GA. 


Colonization of Lens Material 


The lenses used in the study were 
Hydron Zero 4 hydrophilic (soft) contact 
lenses (American Hydron, Woodbury, NY) 
purchased in sterile vials. This lens has 
also been approved for extended wear by 
the Food and Drug Administration. Each 
lens had the same power, size, and shape. 
The lenses are composed of 62% polymacon 
(2-hydroxyethyl methacrylate cross-linked 
with ethylene glycol dimethacrylate) and 
38% water by weight. Four lens samples 
were used for each bacterial specimen. The 





O.5um 





lenses were each added to separate 25-mL 
flasks that contained 20 mL of TSB-GA. 
Experimental lenses were incubated in 25- 
mL flasks that contained a starting inocu- 
lum of 2.5 X 10’ organisms per milliliter of 
TSB-GA. The flasks were then incubated 
at 37°C for 24 hours on a platform rocker 


 (Bellco Biotechnology, Vineland, NJ) set at 


50% of maximum speed. The control lenses 
were incubated in TSB-GA on the platform 
rocker in the absence of the bacterial ino- 
culum. Following the incubation period, 
each lens sample was removed and gently 
washed with three aliquots of 2.0 mL of 
sterile phosphate-buffered saline to re- 
move nonadhesive bacteria and media 
from the lens surface. One of the experi- 
mental samples was then transferred to a 
small tube that contained 1.0 mL of phos- 
phate-buffered saline and sonicated (Son- 
agen, Cole-Parmer, Chicago) for 5.5 
minutes and then serially diluted through 
1075. The dilutions were plated out on 
Schaedler’s agar (Difco) and incubated at 
37°C for 24 to 48 hours. The colonies were 
counted and recorded as colony-forming 
units per lens. The remaining two experi- 
mental samples and the control sample 
were fixed in 1% glutaraldehyde in caco- 
dylate buffer (pH 7.0) for two hours. Spec- 
imens specifically fixed for TEM were 
stained during fixation with 0.15% ruthe- 
nium red in cacodylate buffer, pH 7.0. 


Subsequent to fixation, the samples were 


washed in the cacodylate buffer and sec- 
ondarily fixed for four hours in cacodylate- 
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Fig 4.—Transmission electron micrographs of lenses following colonization with Pseudomonas. 
Top, Bacillus is lightly covered by loose, slightly positive ruthenium red-stained material (original 
magnification X50 160). Bottom, Association of bacterium with lens surface through ruthenium 
red-stained macromolecules (original magnification X85 800). 


buffered 1% esmium tetroxide to enhance 
ruthenium red localization.” The osmi- 
cated specimens were then segmented to 
obtain parallel samples for TEM and SEM. 
The TEM specimens were dehydrated 
through a graded series of alcohol and 
embedded im epoxy resin. Sections 
obtaimed with a diamond knife were 
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observed, both sustained and double 
stained with uranyl acetate-lead citrate, in 
an electron microscope (Phillips EM-400). 
The specimens for SEM were dehydrated 
through alcohol as described above then 
dried from carbon dioxide using the criti- 
cal point method.? Prior to observation in 
an SEM (Phillips SEM-501), the specimens 


were sputter coated with 50 nm of gold- 
palladium (60% -40% ). 


Cytochemistry 


Selected lens samples were processed for 
cytochemistry to characterize a molecular 
layer deposited on the colonized surface. 
After they were fixed as described above, 
the lenses were rinsed in 0.1 mol cacodylate 
buffer (pH 7.4) that contained 0.1% gly- 
cine.? Following the rinse, the lenses were 
incubated for ten minutes in cacodylate- 
buffered concanavalin A (0.5 mg/mL). The 
samples were then rinsed in three changes 
of fresh cacodylate buffer and finally incu- 
bated with mannosyl-ferritin (0.02%), an 
electron-dense marker? for concanavalin 
A localization. These samples were dehy- 
drated and embedded in epoxy resin as 
previously described. 


RESULTS 
Colonization of Lens Surface 


The organisms exhibited similar 
colonization properties on the contact 
lenses, which indicates that adhesive 
properties of these organisms are sim- 
ilar under the conditions of these 
experiments (Table). Colonization in- 
tensity was essentially similar for the 
bacteria tested. However, colony mor- 
phologic and biofilm (polysaccharide) 
characteristics differed between P 
aeruginosa and S epidermidis as 
described below. 


Colonization Characteristics, Biofilm 
Formation, SEM, and TEM 


Colonization of the lens surface, 
viewed grossly under the dissecting 
microscope, was discontinuous, with 
areas of relatively intense ruthenium 
red stain, indicative of bacterial local- 
ization, interspersed with areas that 
were naturally translucent, indicating 
a lack of or greatly reduced ruthenium 
deposition. Observation by SEM veri- 
fied the discontinuous colonization 
pattern. The control lenses showed 
insignificant traces of ruthenium red 
staining compared with the colonized 
specimens, indicating bacterial origin 
of the polysaccharides. When viewed 
at low magnification in the SEM, 
areas corresponding to the grossly 
visible ruthenium-positive zones were 
characterized by patches of coloniza- 
tion that were sharply delineated 
from areas devoid of organization 
(Fig 1, left). Within these areas, the 
organisms were most dense toward 
the center of the colonies and gradual- 
ly decreased in density toward the 
demarcation edge. Often, a rim of 
large bacterial clusters was observed 
at the colony-clear area interface (Fig 
1, right), and beyond the large cluster 
rim, the bacterial density was mini- 
mal. Generally, with the exception of 
the large clusters at the rim, the 
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Fig 5.— Transmission electron micrographs of concanavalin A- and mannosyl-ferritin-stained lenses following Staphy- 
lococcus epidermidis colonization (top left, original magnification X99 000, and top right, original magnification X58 500) 
and Pseudomonas colonization (bottom left, original magnification X 129 000, and bottom right, original magnification 
X26 910). With both organisms, ferritin was observed on colonized surface peripheral to bacteria (top right and bottom 
left). In case of S epidermidis, ferritin was distributed over organism surface with no concanavalin A or ferritin at interface 
of contact (top left). Pseudomonas, which typically was removed from lens surface, was encircled by concanavalin A and 
ferritin cytochemical conjugate (bottom right). 


density of organisms increased from 
the edge to the center, as illustrated in 
Fig 2. This is consistent with clonal 
colony establishment from the initial 
inoculum. Cells at the periphery 
existed individually or in small clus- 
ters (Fig 2, top left). In the latter case, 
clustering was associated with elabo- 
ration of the bacterial slime layer, 
which initially appeared as a floccu- 
lent precipitate on the cell surfaces. 
The pattern of organism clustering 
and slime elaboration was more com- 
mon toward the middle regions of the 
colonies (Fig 2, top right), where indi- 
vidual organisms were the exception 
rather than the rule (Fig 2, bottom). 
Association of the organism with 
the lens surface was studied by TEM 
of the ruthenium red-stained sam- 
ples. Both Pseudomonas and S epider- 
midis were observed suspended above 
and in direct contact with the surface 
of the lens. Suspension was more typ- 
ical of Pseudomonas colonization, 
whereas direct contact was more typi- 
cal of Staphylococcus. In the case of 
S epidermidis colonization, the organ- 
isms were enshrouded by the rutheni- 
um red-stained slime layer, which, 
although it enshrouded the organ- 
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isms, was minimal at the points of 
individual bacterium-lens interaction 
(Fig 3, top left). Separation of the 
organisms from the lens surface was 
most prevalent in areas of clustering 
where the bacteria were entwined by 
the ruthenium red-stained material. 
This material extended to the lens 
surface (Fig 3, top right). Although 
minimal at regions of direct bacterial- 
lens contact, the ruthenium red-posi- 
tive layer was consistently observed 
on the colonized surface of the lens 
(Fig 3, bottom). As noted above, a 


ruthenium red-positive slime layer. 


was also associated with Pseudomo- 
nas colonization. Although less elabo- 
rate than with Staphylococcus, the 
Pseudomonas-related slime layer ap- 
peared to play a significant role in 
lens-bacterial interaction. The Pseu- 
domonas organisms were typically 
separated from the lens by distances 
of several hundred nanometers, and 
this gap was bridged by the rutheni- 
um-stained material (Fig 4). Further- 
more, the material secreted by the 
Pseudomonas organisms seemed to 
differ in that the intensity of rutheni- 
um staining was less than that 
observed with S epidermidis. 


Cytochemistry 


Since the ruthenium red-stained 
material appeared to play a role in 
bacteria-to-bacteria interaction (in 
the case of Pseudomonas), it was 
important to obtain further biochemi- 
cal characterization. More specifical- 
ly, since ruthenium red stains glyco- 
proteins with some affinity but also 
binds nonspecifically to negative 
charges of high density, it was impor- 
tant to determine if the ruthenium 
red deposition layer with celonization 
was due to carbohydrate-containing 
materials secreted from the bacteri- 
um. To accomplish this, the lens sam- 
ples were incubated with concanava- 
lin A subsequent to colonization. The 
lectin, which has a high affinity and 
specificity for mannose residues, was 
secondarily localized through the use 
of mannose residues conjugated to 
ferritin. As illustrated in Fig 5, both 
Pseudomonas and S epidermidis elab- 
orated a concanavalin A-binding 
material that both coated the lens 
surface and enshrouded the organ- 
isms in and adjacent to the colonized 
zones. Staining with ruthenium red, 
concanavalin A, and mannosyl ferri- 
tin indicated greatly reduced amounts 
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of polysaccharide and mannosę in 
areas between colonized zones. In the 
case of S epidermidis that was closely 
apposed to the lens, the concanavalin 
A and mannosyl ferritin extended as a 
blanket over the external surface of 
the organisms but was excluded from 
the lens-organism interface (Fig 5, top 
left). This was not the case with Pseu- 
domonas, for these organisms were 
totally encircled by the concanavalin 
A-positive macromolecular complex 
(Fig 5, bottom right). 


. COMMENT 


These in vitro colonization studies 
of extended-wear contact lenses by 
the frequently implicated pathogens 
involved with in vivo bacterial corneal 
ulcers indicate that they readily 
colonize polymacon surfaces. Such 
adhesive colonization is an almost 
universal quality of bacteria in natu- 
ral environments and appears to be 
maintained by a highly anionic sur- 
face polysaccharide polymer produced 
by the bacteria." Since this material 
functions as a matrix for colonization, 
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numbers of bacteria 


the 
enclosed in this matrix or biofilm 
quite likely serve as the infective inoc- 
ulant for injured or compromised cor- 
neal basal epithelial cells. Presum- 


large 


ably, the bacteria are randomly 
detached from the lens surfaces by 
normal ocular movement that in- 
volves the precorneal tear film-con- 
tact lens interface. Our studies sug- 
gest that soft contact lens polymers 
may provide a suitable substratum for 
colonizing action by both normally 
autochthonous and available organ- 
isms (S epidermidis) as well as oppor- 
tunistic pathogens (P aeruginosa). 

In their reviews of reported bacteri- 
al corneal ulceration associated with 
extended-wear contact lenses, most 
authors proposed that contaminated 
cleaning solutions, improper handling 
techniques, and delayed medical 
attention played a role in bacterial 
corneal ulceration.*** Numerous in- 
vestigators also proposed that corneal 
compromise from hypoxia, tear depri- 
vation, and diabetes may also be fac- 
tors. Since normal corneal epithelium 
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Complications of Hydrogel 


Intracorneal Lenses in Monkeys 


W. Houdijn Beekhuis, MD; Bernard E. McCarey, PhD; Gabriel van Rij, MD; George O. Waring III, MD 


@ We performed 32 hydrogel kerato- 
phakia procedures in rhesus monkey cor- 
neas. Surgery was technically successful 
in 20 eyes. Toxic stromal keratitis 
occurred in five eyes because of impuri- 
ties on the lenticules. Fibrosis appeared 
around the implant in five eyes. Two eyes 
showed aseptic necrosis of the inferior 
cornea with extrusion of the implant, 
attributed to exposure keratitis. Compli- 
cations during surgery included faulty 
microkeratome incisions (three eyes) and 
epithelial implantation in the lamellar bed 
(one eye). Three lenticules decentered, 
one extruding through the wound, proba- 
bly because the monkeys rubbed their 
eyes excessively. Nine of the 11 eyes with 
postoperative refraction data showed 
overcorrection or undercorrection of 
more than 1.00 diopter. Most of these 
complications could have been prevented 
by better technique, design, and manu- 
facture of the lenticule or cooperation of 
the subjects. 

(Arch Ophthalmol 1987;105:116-122) 


T I. Barraquer’ propounded the idea 

of using artificial intracorneal 
lenses in refractive keratoplasty in 
1949. The selection of a suitable mate- 
rial eluded early investigators, who 
implanted lenticules made of imper- 
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meable materials such as glass, poly- 
methyl methacrylate, celloidin, and 
silicone.?* These materials block the 
flow of nutrients from the aqueous 
humor to the anterior stroma and 
epithelium, resulting in aseptic necro- 
sis and ulceration of the anterior cor- 
nea.” Hydrogel polymers, particular- 
ly those with a high water content 
developed for use as extended-wear 
soft contact lenses, offer an improved 
material that is permeable to water 
and nutrients," and they are the 
subjects of this report. 

There are two basic surgical tech- 
niques for implanting intracorneal 
lenses: (1) creation of an intrastromal 
pocket into which the lenticule is slid 
and (2) excision of a lamellar disc of 
cornea with placement of the lenticule 
in the stromal bed and resuturing of 
the corneal disc to the surface. Lenti- 
cules implanted in an intrastromal 
lamellar pocket of primate eyes do not 
create enough change in refraction, 
because Bowman's layer and the ante- 
rior stroma collagen fibrils are not 
easily — deformed.'^" Therefore, 
materials with a higher index of 
refraction than the cornea, such as 
the polysulfone plastics, are required. 
These materials are the subjects of 
human and laboratory investiga- 
tions.!*?? Thus, excision of an anterior 
disc of cornea with a microkeratome 
is necessary for a lenticule to change 
the anterior corneal curvature.!5162122 

Since 1979, it has been demon- 
strated in animal experiments that 
hydrogel intracorneal lenses are bio- 
compatible and can in many cases 


achieve a desired change in refraction 
of the cornea.!?/7202324 

During a recent series of experi- 
ments in monkeys, a number of com- 
plications have been observed and are 
the topics of this article. 


METHODS 


The complications of 32 intracorneal 
hydrogel lenticules implanted in a lamellar 
bed with a microkeratome in 26 adult 
rhesus monkeys of both sexes were studied. 
The details of the surgical technique are 
presented in another publication? and are 
summarized here. All of the operations 
were done by a single surgeon (G. van R.) 
well trained in the use of the microkera- 
tome, especially in the modifications nec- 
essary for its use in monkeys. 

With the monkey under general anesthe- 
sia, the surgeon performed a 360° limbal 
periotomy, a lateral canthotomy, and prop- 
tosis of the eye by retrobulbar injection of 
balanced salt solution. After a pediatric- 
sized Barraquer microkeratome suction 
ring (No. 10-9) was secured to the sclera, a 
9-mm diameter disc of anterior stroma was 
excised. The microkeratome was set to cut 
a 0.3-mm-thick dise (No. 35 baseplate). The 
thickness of the excised disc was not mea- 
sured; inspection of the discs did not reveal 
any thin ones. The suction was released 
immediately after the cut and was never 
applied for more than 90 s. The hydrogel 
lenticule was thoroughly rinsed and was 
placed centrally on the lint-free host stro- 
mal bed. The excised corneal disc was 
sutured to the edge of the bed with inter- 
rupted No. 10-0 nylon sutures. Interrupted 
sutures were used to simplify the removal 
of a loose postoperative suture. To prevent 
the lenticule from moving out ef its central 
position, the surgeon placed a single inter- 
rupted suture through both the cornea and 
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the lentieule im 26 of the eyes. All suture 
knots were crt short and buried in the 
peripheral strama. 

In four eyes, the initial implant was 
removed electi-ely to allow replacement by 
a lenticule wita a different refractive pow- 
er by minimzily dissecting the anterior 
lamellar corneal disc, lifting it off the 
cornea, remowng the previous synthetic 
lenticule, insexting one of a different pow- 
er, and resutaring the lamellar corneal 
disc.” 

Slit-lamp m-eroseope examinations were 
performed on »ostaperative days 3, 7, and 
14. After approximately three weeks, 
sutures were r»moved because the wounds 
were adequate-y healed and to reduce ocu- 
lar irritation. The following examinations 
were done by -he authors: central kerato- 
metric measurements, cycloplegic refrac- 


- tion, slit-lam» microscopy, and optical 


pachymetry of the anterior and posterior 
corneal lamellae and the hydrogel lenticule 
at monthly intervals for six months and 
bimonthly the-eafter. All refractions were 
done by a single examiner. 

Manufacturers cut the hydrogel lenti- 
cules in the ary state with a lathe and 
calculated the dioptrie power from the 
linear expanson factor of the hydrogel 
lens diameter. The central thickness was 
verified before implantation, as reported 
in previous publications. Hydrogel 
materials incladed etafilcon A, 58%, 68%, 
and 72% wate: (Vistamare, Vistakon Inc, 
Jacksonville, Pla), and lidofileon B 80% 
water (Sauflor, American Medical Optics, 
Irvine, Calif). The power of the lenticules 
ranged from —7.25 to +17.00 diopters (27 
eyes) and from —5.00 to —6.00 D (four 
eyes). Most of the lenticules were soaked 
for 48 hours imsodium phosphate- buffered 
saline solution before implantation to 
remove any ‘oxic substances from the 
lenses. 

The follow-ap time for animals with 
technically suecessful surgery from which 
the implant was not removed and with an 
uncomplicated postoperative course was 
105 to 120 weexs for seven eyes with a plus 
power lenticul-, 88 to 98 weeks for two eyes 
with a minus power lenticule, and 70 weeks 
for one eye wi-h a replacement plus power 
lenticule. 


RESULTS 


Table 1 presents the final outcome 
of surgery ir 32 eyes, 20 of which had 
technically saccessful surgery. Table 2 
lists the eomplications that we 
observed in these 32 eyes. 


inadequate Biocompatibility of 
Hycrogel Materials 


Keratitis, tridocyclitis, and Corneal 
Vascularizatien.— Three to 12 days 
after the imolantation of four etafil- 
con A lenticales (one 55% and three 
68% water) and one lidofilcon B lenti- 
cule (80% water), severe edema and 
inflammation developed in the corne- 
as both anteriorly and posteriorly to 
the lens. The anterior chambers con- 
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Table 1.—Final Outcome of Hydrogel 
Intracorneal Lens Implants in Rhesus Monkey Eyes 


Surgical Procedure 


Lamellar microkeratome and insertion of lenticule 


Elective replacement of lenticule 
Total 


Final Outcome 


Uncomplicated operation and postoperative course, still under observation 
Irregular microkeratome incision, still under observation 


Surgical complications, no implant performed 


Successful surgery, implant removed for replacement 
Successful surgery, implant removed to end observation 


Implant extruded 
Surgical removal of implant for complications 


Enucleation to obtain eye for histologic examination 


Natural death of animal 
Total 






























Complication 
Inadequate biocompatibility of hydrogel materials 


Deposits of stromal crystals 

Ulceration of anterior cornea 
Complications during surgery 

Irregular or faulty microkeratome incision 

Aqueous leak around full-thickness suture 


Inclusion of foreign bodies in lamellar bed 
Mechanical complications 

Mechanical trauma after surgery 

Fibrosis around implant 

Formation of epithelial iron line 

Decentration of implant without extrusion 

Decentration of implant with extrusion 
Optical complications 

Overcorrection and undercorrection >1.00 D 

Induced corneal astigmatism «0.50 D 


Problems with objective refraction 


Table 2.— Complications of Hydrogel Intracorneal Lenses in 32 Rhesus Monkey Eyes* 






Keratitis, iridocyclitis, and corneal vascularization 


Epithelial implantation or ingrowth in lamellar bed 


Problems with keratometry and photokeratoscopy 


NON QO -ʻa aAa NO 


Co 


No. of 
Eyes 


* Some eyes had more than one complication. D indicates diopter. 


tained fibrin clots, and there was 
marked iris and conjunctival hyper- 
emia. In one cornea, a fluid lake devel- 
oped behind the implant two weeks 
postoperatively, causing the posterior 
stromal lamella to bulge into the 
anterior chamber (Fig 1). Over the 
succeeding few weeks, as the edema 
and inflammation subsided, stromal 
vessels grew into the cornea along the 
lamellar bed (Fig 1), leaving a diffuse- 
ly scarred cornea. 

Deposit of Stromal Crystals.—In one 
cornea that had recovered from this 
postoperative keratitis with stromal 
vascularization, deposits of crystal- 
line material gradually developed 
around the vessels adjacent to the 
implant. It is possible that the depos- 
its were lipid crystals that leaked 
from the stromal vessels. 

Ulceration of Anterior Cornea.—In 
two corneas, gradual stromal thinning 
developed in the inferior quadrant. By 
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two weeks after surgery, the epitheli- 
um and stroma in the inferior third of 
the cornea were noted to be thin, and 
by the sixth week, a focal, discrete, 
oval, nonsuppurating ulcer had pene- 
trated to the depth of the implant (Fig 
2). Both implants had to be removed. 
The cornea was healed with neovascu- 
larization. 


Complications During Surgery 


Irregular Microkeratome Incision.—In 
three eyes, the incision with the 
microkeratome was made incorrectly. 
The most serious complication oc- 
curred when the surgeon failed to 
insert the baseplate in the microkera- 
tome and entered the anterior cham- 
ber, damaging the crystalline lens and 
iris (Fig 3). The cornea healed with a 
small, central, adherent leukoma and 
distorted pupil. 

In two other cases there was inter- 
ruption of the adherence of the suc- 
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Fig 1.—Toxic reaction to hydrogel intracorneal lens. Left, Slit-lamp photograph taken three days after implantation of 
intracorneal lens. Cornea shows severe stromal edema with fluid lake in region of implant (arrow). Right, Retroillumination 
five weeks after surgery. Stromal edema has subsided and blood vessels have grown into lamellar bed. 


tion ring to the sclera during the 
microkeratome incision so that an 
irregular surface developed on the 
stromal interface, and an irregular 
thickness developed in the excised 
disc. In these two cases, the operation 
was completed as planned. One case 
turned out successfully; in the other, 
progressive thinning of the overlying 
stroma developed three weeks after 
surgery. Eight weeks postoperatively, 
exposure and extrusion of the implant 
occurred. The cornea healed spontane- 
ously, resulting in a crescent-shaped 
scar. 

Aqueous Leak Around Full-Thickness 
Suture.— Because our previous experi- 
ence had shown that superficially 
placed sutures eroded through the 
cornea in monkeys, the No. 10-0 nylon 
sutures were placed deeply into the 
cornea using a compound-curve nee- 
dle. Some sutures that accidentally 
passed through the full thickness of 
the cornea caused aqueous leakage 
and transient shallowing of the ante- 
rior chamber. This was a technical 
error not directly related to implanta- 
tion of an intracorneal lens. 

Epithelial Implantation or Ingrowth in 
Lamellar Bed.—Epithelium can enter 
the lamellar bed either during surgery 
when epithelial cells are implanted or 
after surgery when epithelium grows 
through a wound dehiscence. In one 
case, epithelium presumably became 
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Fig 2.—Sterile ulceration over intracorneal lens. Gradual drying and thinning of interior third of 
cornea led to stromal vascularization and appearance of dellen that progressed to-focal, sterile 
ulcer (arrow), probably secondary to incomplete blinking and exposure keratitis. 


implanted during surgery when a 
large area of epithelium was abraded 
from the excised corneal disc. Two 
weeks after surgery, a small, flat, 
gray opacity with the clinical charac- 
teristies of an implanted epithelial 
sheet appeared in the lamellar bed 
and gradually enlarged (Fig 4). 


A case of delayed ingrowth of epi- 
thelium is described in the section on 
mechanical trauma after surgery. 

Inclusion of Foreign Bodies in the 
Lamellar Bed.—Even though the sur- 
geon used lint-free plastic drapes and 
no gloves during surgery, particulate 
matter from the air and surgical field 
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found its way into the lamellar bed in 
all cases. The small deposits produced 
neither optical nor biological difficul- 
ties. 


Mechanical Complications After Surgery 


Mechanical Trauma After Surgery.— 
Unlike docile rabbits and communica- 
tive humans, the monkeys' behavior 
after surgery was difficult to control. 
The monkeys often rubbed their eyes 
vigorously after surgery even though 
all suture knots were buried, the epi- 
thelium was intact, and severe 
inflammation was absent. Apparent- 
ly, the implant can become decentered 
because of this mechanical trauma. 
For example, one monkey was 
^ observed to rub his implanted eye 
repeatedly, resulting in four loose 
sutures and a slight wound dehis- 
cence. The wound was repaired surgi- 
cally, but three weeks postoperatively, 
epithelial sheets were noted to be 
growing into the lamellar bed from 
the repaired wound dehiscence. The 
epithelial sheet progressively spread 
along the surface of the implant, 
which was removed 23 weeks after 
surgery. 

Fibrosis Around Implant.—A very 
faint, gray opacity appeared around 
the implant in all eyes but was accen- 
tuated in the eyes in which keratitis 
developed postoperatively. Five im- 
plants had edges that were thicker 
than 0.1 mm and that were inade- 
quately tapered; this created a cir- 
cumferential space in the stroma that 
gradually filled with a wedge of scar 
tissue during eight months after sur- 
gery. The scar was most dense where 
the edge of the lenticule was thicker 
and poorly tapered. The area adjacent 
to the thinner, appropriately tapered 
edge contained minimal stromal opa- 
cification (Fig 5). 

Formation of Epithelial Iron Line.— 
All eyes that were followed up for 
more than 30 weeks demonstrated an 
annular or cireular iron line in the 
corneal epithelium that overlay the 
edge of the implant. 

Decentration of Implant.—Although 
the lenticules were centered in the 
stromal bed at the conclusion of sur- 
gery, two eyes demonstrated migra- 
tion of the lenticule to the edge of the 
microkeratome incision without 
breakage of the suture (Fig 6). To 
prevent this migration, a suture was 
placed through the lenticule to stabi- 
lize it during the first three postoper- 
ative days. The suture was subse- 
quently removed. 

In one eye the implant became 
decentered toward a quadrant with a 
broken suture-and slid partially out of 
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Fig 3. —Laceration of cornea with incorrectly applied microkeratome. Microkeratome suction 
ring (S) is attached to globe, and flap of cornea (arrow) is raised, revealing lens (L) within 
cornea. This resulted from failure to insert baseplate in microkeratome. 


its intrastromal bed (Fig 7). The 
implant was removed, and the corneal 
incision was resutured. The corneal 
inflammation and edema subsided, 
leaving a small scar. 

Erosion of Implant Edge Through Sur- 
face.—In none of the eyes in which the 
surgery was performed correctly did 
the implant edge erode through the 
overlying cornea. 

Overcorrection and Undercorrection.— 
As reported elsewhere," the percent- 
age of refractive yield was calculated 
as the measured refractive change 
divided by the theoretically calculated 
refractive change times 100. In 11 eyes 
with technically successful surgery 
and an uncomplicated postoperative 
course, the mean refractive yield was 
118% + 34% (range, 86% to 201%). 
Two of these eyes were within +1.00 
D, seven (64% ) were within +2.00 D, 
and ten (91% ) were within +3.00 D of 
emmetropia at the last refraction. In 
reexamining the cases, the only possi- 
ble explanation for this range was 
that the refractive power of the lenti- 
cule provided by the manufacturer 
was stated incorrectly. 

One lenticule was removed after a 
one-year postoperative period, and its 
refractive power was carefully mea- 





Fig 4.—Epithelial implantation sheet in lamel- 
lar bed. Two weeks after surgery, flat, gray 
opacity appeared in lamellar bed and gradual- 
ly enlarged (arrow), appearing as sheet of 
implanted epithelium. 


sured. The implant was an Etafilcon 
A 72% water lens with a power (with 
air interfaces) of +7.25 D, a diameter 
of 4.7 mm, and a thickness of 0.22 mm. 
The refraction of the eye with the 
implant was almost twice that pre- 
dicted by our theoretical calculations, 
ie, +9.83 D instead of +5.25 D. The 
lenticule was removed from the cor- 
nea and blotted free of surface water. 
Its power, measured with a lensome- 
ter (Topcon, Paramus, NJ) was found 
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Fig 5.—Fibrosis around intracorneal lens. Poorly manufactured lenticule had uneven edge 
thickness, preventing buildup of scar tissue around edge (arrows). 


Fig 6.—Decentration of intracorneal lens. Even though lenticule had been placed centrally at 
end of surgery, it migrated inferotemporally (arrows), probably because of excessive eye rubbing 
by monkey. 
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to be +11.5 D. Placing the +11.5-D 
value in our theoretical formula, the 
predicted result was only 18% greater 
than the refraction measured clinical- 
ly. 

Induced Corneal Astigmatism.—There 
was an increase in astigmatism of 0.50 
D or more in four of the 11 eyes with 
successful surgery. The mean increase 
in astigmatism in animals with suc- 
cessful surgery was 0.49 + 0.57 D. The 
axis of the induced astigmatism 
showed no consistent pattern. 

Optical Measurement Errors.—Mea- 
suring the postoperative change in 
corneal curvature and refraction cre- 
ated by the intracorneal lenticule in 
the anesthetized monkeys was diffi- 
cult. Cycloplegic retinoscopy was 
probably the most reliable measure of 
optical effect, with all measurements 
performed by one investigator. 

In the anesthetized monkey, it was 
difficult to center the keratometer 
and the photokeratoscope, as we 
reported previously.” 


COMMENT 


The insertion of a hydrogel lenticule 
in the microkeratome bed was techni- 
cally successful in 29 (91%) of the 32 
eyes. There were no complications 
that were an intrinsic part of the 
procedure as it would be performed in 
humans. Most of the complications 
that occurred could have been pre- 
vented by better design or processing 
of the hydrogel lenticule or by better 
surgical technique; of course, these 
complications could also occur in 
humans. The complications directly 
attributable to the monkey model, 
however, would probably not occur in 
humans. Other investigators have 
reported some of the complications we 
encountered.^/6272s 


Inadequate Biocompatibility of 
Hydrogel Materials 


Acute keratitis and iridocyclitis 
occurred with both the Etafileon A 
(four cases) and Lidofileon B (one 
case) hydrogels (Fig 1). Presumably, 
some substance on the lenticule, such 
as cleaning reagents, debris from 
preparation of the lenticule, or residu- 
al monomers, stimulated inflamma- 
tion. After this was observed in a few 
eyes, the hydrogel lenticules were 
soaked in 500 mm of phosphate-buff- 
ered 0.9% sodium chloride for 24 
hours and then resoaked in a new 
preparation of the same solution for 
another 24 hours to extract any toxic 
materials. After this extraction proce- 
dure was applied, no observed future 
cases of acute toxic keratouveitis 
occurred. This experience emphasizes 
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the dependence of the researcher and 
clinician on the manufacturer to pro- 
vide synthetic materials of high quali- 
ty. 

Anterior sterile necrosis of the infe- 
rior cornea was observed in two eyes 


» (Fig 2). There were four possible 


causes fer this: (1) Inadequate pas- 
sage of nutrients across the lenticule 
occurred commonly in the early devel- 
opment of intracorneal lenses,**° but 
central defects over the hydrogel len- 
ticules were not observed. Our experi- 
ence'’” and that o: others!*'* indicate 
that enough fluid and nutrients pass 
through a hydrophilic lenticule to 
nourish the antemior cornea. (2) A 
thick edge often erodes through the 
y surface. The edges on all our lenti- 
cules were taperec, some more than 
others, and none of the erosions began 
over the edge of the lenticule. (3) The 
cutting of a thin corneal disc with the 
microkeratome and faulty suturing 
predispose the tissue to necrosis, but 
neither was present in these two 
cases. (4) Exposure keratitis may 
produce small defects in the epitheli- 
um and—in conjunction with the 
intracorneal lens—set off a cascade of 
events that results in stromal thin- 
ning. This is the most likely cause in 
the two observed cases, and it may be 
postulated that the intracorneal lens 


+». reduces the resistance of the cornea to 


problems such as crying. 


Complications During Surgery 


The surgical proeedure requires the 
excision of an anterior disc of host 
cornea with a microkeratome.*”” 
Because the adult rhesus monkey eye 
is smaller (diameter, 17 to 19 mm) 
than the adult human eye (diameter, 
24 mm), it was necessary to use the 
pediatric set of suction rings. The 
sequence of steps in the operation was 
read aloud to the surgeon. In one case, 
the assistant reading the checklist 
was distracted, anc the surgeon failed 
to insert the mierokeratome base- 
plate, resulting in perforation of the 
cornea and laceration of the lens (Fig 
3). 

Wetting the anterior corneal sur- 
face and meticulous cleansing of the 
interface decrease the deposit of for- 
eign material and epithelial cells in 
the lamellar wound” (Fig 4). 


Mechanical Complications 
After Surgery 


The design of the lenticule deter- 
mines its mechanical compatibility in 


“the stroma. If the stromal collagen 


lamellae can closely follow the surface 
curves of the lenticule across a finely 


Arch Ophthalmol—Vel 105, Jan 1987 





Fig 7.—Extrusion of intracorneal lens. By six days after surgery, lenticule had migrated to 
margin of lamellar keratectomy, and by nine days, sutures had broken, and lens extruded 
(arrows), presumably because monkey rubbed its eye. 


tapered edge, a minimal number of 
problems will occur. However, a thick, 
squared-off edge, such as occurs when 
the lenticule is simply puched out of a 
larger lens with a trephine, can erode 
through the overlying stroma and 
extrude. Thick edges also create a 
space that has the potential to fill 
with scar tissue?*? (Fig 5). 

Iron lines commonly form in the 
eorneal epithelium in areas where 
there are abrupt changes in curvature 
or persistent surface irregularities.?*^ 
Arcuate and circular iron lines appear 
around the edge of the implants. 

Mechanical problems that presum- 
ably resulted from the monkeys rub- 
bing their eyes were difficult to con- 
trol. Intramuscular analgesics were 
administered in the immediate post- 
operative period, but some monkeys 
persisted in rubbing their eyes, pro- 
ducing wound dehiscence and decen- 
tration of the lenticules. It was not 
possible to recenter the flexible 
hydrogel lenticule by pushing the len- 
ticule with a spatula. 


Optical Complications 


A multifactorial algorithm can be 
used to calculate the needed power 
and curvature of the stromal lenticule 
from known preoperative variables. 


Even with this relatively sophisti-- 


cated approach, overcorrections and 
undercorrections were observed in our 
series, as was the induction of astig- 
matism. This was discussed in detail 
in a separate publication.” Since it is 


diffieult to verify the power of a 
hydrogel lenticule prior to implanta- 
tion, the manufacturer must verify 
the optical power before releasing the 
product. Imprecise and inaccurate 
predictability of the outcome of 
refractive keratoplasty procedures 
remains a great unsolved challenge. 

A change in the hydration of hydro- 
gel lenticules while they are exposed 
to the corneal stromal swelling pres- 
sure can result in a shift in the dimen- 
sions and power of the lenticule." 
Such changes must be identified and 
included in the calculations of proper 
intracorneal lens power. 

In the anesthetized monkey, reli- 
able centering of the keratometer and 
photokeratoscope was impossible 
from one measurement to another, 
especially over the small area of 
intracorneal lenticules.” 

In addition, the corneal surface 
quickly became irregular during 
examinations, and irrigation with bal- 
anced salt solution led to erroneous 
readings from the fluid meniscus. The 
centers of two monkey corneas were 
tattooed, but the hydrogel lenticule 
was not always positioned directly 
beneath the mark, which was difficult 
to see through the keratometer and 
photokeratoscope. Manipulation of 
the globe distorted the corneal sur- 
face. The cycloplegic refraction was 
the most reliable method of measur- 
ing the optical change induced by the 
intracorneal lens. 

Many investigators have studied 
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intracorneal lenses, both hydrogel and 
polysulfone, in monkeys and other 
laboratory animals, identifying and 
solving problems that would be faced 
in human eyes. However, there are 
limits to the precision that can be 
attained in animal models. Ultimate- 
ly, the optical details of refractive 
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corneal surgery will have to be evalu- 
ated in humans. 
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. Refractive Keratoplasty in Monkeys Using 


Intracorneal Lenses of Various Refractive Indexes 


Bernard E. McCarey, PhD; George O. Waring III, MD; Debra A. Street 


@ The refractive power of the cornea 
can be altered with an intracorneal lens 
when it is inserted within a freehand 
. lamellar-pocket imcision. The effective- 
ness of the implant in altering the refrac- 
tive power of the cornea depends on the 
refractive index of the intracorneal lens, 
since little change in the anterior corneal 
curvature occurs. Thirteen nonhuman pri- 
mate eyes received intracorneal lenses 
made of synthetic polymers with refrac- 
tive indexes ramging from 1.3686 to 
1.633. The lidofilcon-B hydrogel (refrac- 
tive index, 1.3686) lenses created no sig- 
nificant alteration in the refractive power 
of the cornea. The polymethylmethacry- 
late (refractive incex, 1.4900D) and poly- 
sulfone (refractive index, 1.633) lenses 
created a predictable and significant 
alteration of corneal power that increased 
with each implant with a successively 
higher refractive ndex. The polymethyl- 
methacrylate len- created a refractive 
alteration that was approximately 3196 of 
the lens power in air. The polysulfone lens 
created a cornea! power alteration that 
was approximately 40% of the lens power 
in air. | 
(Arch Ophthalmo! 1987;105:123-126) 


| 


re Barraquer lamellar refractive 
keratoplasty procedures require a 
microkeratome to procure a lamellar 
disc of recipient or donor cornea that 
is fashioned into a plus- or minus- 
powered lens with a cryolathe.^ 
McCarey and Andrews‘ attempted to 
circumvent the meed for these complex 
instruments and surgical techniques 
by using high-water content hydrogel 
intracorneal lenses that would trans- 
mit nutrients to the anterior cornea. 

In initial investigations by us and 
others," the hydrogel intracorneal 
lenses were implanted in the recipient 
stroma by a freehand lamellar-pocket 
dissection with minimal cutting of the 
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collagen lamellae. The high-water 
content hydrogel implants were well 
tolerated," but the refractive alter- 
ation was minimal to none in the 
monkey model.*!® A pocket incision 
containing an intracorneal implant 
made of a material with a refractive 
index similar to stroma can only 
change the corneal refractive power 
by altering the anterior corneal cur- 
vature, because the incision does not 
cut a sufficient number of the anterior 
collagen lamellar bundles to alter the 
anterior corneal radius. In a series 
reported by MeCarey et al," the 
(mean + SEM) alteration as mea- 
sured by retinoscopy was 0.32 + 1.13 
diopters. This clearly illustrates the 
ineffectiveness of the high-water con- 
tent hydrogel in lamellar-pocket dis- 
sections. 

Hydrogel lenticules have been 
shown to be effective in combination 
with a microkeratome dissection.*!? 
Binder et al^ produced large changes 
in refraction but were unable to corre- 
late the Barraquer calculations for 
human donor keratophakia with the 
hydrogel keratophakia results in the 
monkey. Beekhuis et al? followed up 
11 eyes for 51 + 2 weeks (mean + SD) 
after the implantation of hydrogel 
intracorneal lenses in a microkera- 
tome incision. The refractive yield, 
which is the measure refractive 
change divided by the theoretically 
expected refractive change, was 
118% + 34% (mean + SD). Use of 
the microkeratome is technically com- 
plex and, at present, has not resulted 
in precisely predictable refractive 
alterations. 

Technically, the freehand pocket 
dissection is simpler and more acces- 
sible to the general ocular surgeon. 
Furthermore, in combination with a 
material with a high refractive index, 
it has the potential of creating a 
refractive alteration in the cornea by 
changing the refractive power of the 
corneal stroma while leaving the 
anterior curvature of the cornea unal- 
tered. Choyce" has reported utilizing 


the pocket dissection in a series of 40 
human eyes, implanting lenses made 
of polysulfone. The results were 
encouraging over the 40-month fol- 
low-up. Follow-up data were not 
available in six eyes. Of the remaining 
34 eyes, four had complications 
requiring the removal of the implant. 
In 1985, Kirkness" et al described two 
patients in whom polysulfone intra- 
corneal lenses were implanted, with 
adverse effects that appeared to be 
surgical, rather than toxic, in nature. 
Both patients were treated with a 
penetrating keratoplasty. Twenty-one 
of the remaining 30 patients had a 
refraction within +1 D of emmetro- 
pia. After examining a series of 
Choyce’s patients, Lane and Lind- 
strom) established an experimental 
protocol in cats and monkeys. Their 
findings showed general tolerance of 
the intracorneal lenses, but the eyes 
were not free of complications. There 
were lens extrusions, anterior corneal 
opacities, interface particles, and 
anterior stromal thinning. 

The purpose of this article is to 
evaluate the effectiveness of altering 
the corneal refractive power by 
inserting intracorneal lenses of differ- 
ent refractive indexes. 

MATERIALS AND METHODS 
Experimental Model 


Thirteen rhesus monkeys (Macaca 
mulatta) received intracorneal lenses man- 
ufactured from either lidofilcon-B hydro- 
gel, polymethylmethacrylate (PMMA), or 
polysulfone (Udel-polysulfone) (Table 1). 
The respective refractive indexes were 
1.3686, 1.490, and 1.633. 


Surgery 


Under sterile conditions, calipers were 
used to locate the pocket at the geometric 
center of the cornea and scratches were 
made in the epithelium to demarcate the 
diameter and location of the intrastromal 
pocket. Calipers were used to locate the 
pocket at the geometric center of the cor- 
nea. Corneal thickness was measured at 
the 12-o'clock position 1.0 mm inside the 
limbus with an ultrasonic pachymeter set 
at 1640 m/s. If the thickness could not be 
measured, then a thickness of 0.6 mm was 
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Fig 1.—Polymethylmethacrylate intracorneal lens with corneal neovascularization in stromal 


pocket incision scar, shown in retroillumination (eye No. 6). 


Table 1.—Intracorneal Lens Values 


Implant Material Refractive Index Diameter, mm Power Range, D 
Lidofilcon-B hydrogel, 






8096 water content 1.3686 6.4-6.5 8-11 
Polymethylmethacrylate 1.490 5 25-28 
Polysulfone 1.633 5 27-40 









assumed. A diamond-blade micrometer 
krffe was set at 100% of the peripheral 
corneal thickness reading or 0.6 mm. A 
horizontal incision was made extending 
from the 2-o'clock to the 10-o'clock meridi- 
an perpendicular to the corneal surface, 
avoiding the limbus. A lamellar dissection 
was begun at the base of the incision with 
an angled knife blade. When the plane had 
been established, a Martinez lamellar dis- 
sector was used to extend the intralamellar 
pocket to slightly beyond the epithelial 
scratches. The incision area and pocket 
were washed with balanced salt solution. 
The intracorneal lens was held with flat- 
tipped forceps, rinsed with balanced salt 
solution, and inserted into the pocket. A 
blunt spatula was used to center the 
implant within the preplaced epithelial 
marks. The incision was closed with four or 
five interrupted 10.0 monofilament nylon ^ 
sutures. The conjunctival sac was flushed 
with chloromycetin solutionzand the ocular 
surface was covered with polymyxin B 
sulfate and bacitracin zinc ointment. This 
ointment was reapplied aíter the early 
postoperative ocular examinations. Su- 
tures were removed two weeks postopera- 
tively. 


Preoperative and Postoperative 
Examinations 


One drop of 1% cyclopentolate, hydro- 
chloride solution was applied every five 
minutes for three doses one hour before 
retinoscopy to induce cycloplegia. The 
examination included slit-lamp biomicros- 
copy, optical pachymetry (Haag-Streit I 


unit), central keratometry with a cali- < 


brated keratometer, photokeratoscopy, 
retinoscopy, and corneal photography with 
a photographic slit lamp. The steepest and 
flattest keratometry readings were aver- 
aged to represent the central corneal cur- 
vature. The optical pachymeter was used to 
measure the thickness of the anterior stro- 
ma, the implant, the posterior stroma, and 
the entire cornea. From these data the 
percent depth of the implant within the 
cornea was calculated. At each examina- 


Table 2.—Postoperative Findings in 13 Eyes Containing Intracorneal Lenses 


No. of Weeks 
Postoperatively 


Implant 


Implant Material Depth, % D in Air 


Lidofilcon B hydrogel 


Polymethylmethacrylate 


Qjoj|j-|ojo||o|mNm|- 


o 


Polysulfone 


-— | ee 
wWOin|— 


* Average of last three measurements. 
tPower of correcting lenses. 
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Implant Power, 


Preoperative-Postaperative 
Change, D 
———————————————————————— 
Keratometry * Retinoscopyt 
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A 

tion, we took ive pachymetry and kera- 
tometry measurements and computed*the 
mean as the representative value. Retino- 
scopy was performed by a single individual 
using trial lenses and was recorded as the 
spherical equi-alent of the cycloplegic 
refraction. 


RESULTS 


The complications encountered 
with the hydrogel lenses were mini- 
mal. The implants were located at a 
67% to 96% depth in the cornea (Ta- 
ble 2). The PMMA and polysulfone 
lenses were mplanted without com- 
plications, bu- during the first postop- 
erative week the animals decentered 
several of the implants toward the 
incision by rubbing their eyes. The 
~ implants were recentered by inserting 
a spatula inte the incision and push- 
ing the lens. The stroma of one cornea 
with a PMM implant developed pro- 
gressive vascularization (Fig 1) start- 
ing at the fourth month, followed by 
stromal lipid deposition along the pos- 
terior surface of the implant. Tran- 
sient anterior stromal thinning was 
observed in tae eyes with the PMMA 
and polysulfene implants during pro- 
longed ocular examinations with the 
lids open (Fig 2). During the postoper- 
ative period, 20 eyes failed because of 
anterior stromal necrosis. 

By the 13th postoperative month, 
the four -«orneas with PMMA 
implants developed crystals posterior 
to the implant, whereas only two of 
the four eyes with polysulfone 
implants developed crystals. It was 
not the intention of this investigation 
to present an analysis of the crystals; 
this will be performed in a subsequent 
histochemist-y investigation. 

The preoperative to postoperative 
change in average keratometry values 
and the spherical equivalent refrac- 
tions for the :3 eyes are listed in Table 
2. The hydrogel implant produced 
minimal chaage in the keratometric 
values, with a mean + SEM of 0.78 + 
0.22 D for tke five eyes, whereas the 
semirigid imolants flattened the cor- 
nea, the PMMA by —1.15 + 0.20 D and 
the polysulfone by —1.63 + 0.19 D. 

The retinoscopic measurement was 
affected by the surface curvatures and 
the refractive indexes. Table 2 lists 
the refractive change created by the 
intracorneal lens implants. The reti- 
noscopie change is the change in spec- 
tacle correction that is equal in mag- 
nitude, but »pposite in sign, to the 
change in corneal power. In Fig 3, the 
retinoscopic changes from Table 2 
were converted to measured corneal 
> power change and divided by the 
intracorneal lens power. Fig 3 demon- 
strates that increasing the implant 
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Fig 2.—Polysulfone implant (arrows) demonstrated good biocompatibility during 49 weeks of 
observation, except for transient dehydration of anterior stroma. 


Fig 3.—For polymethylmethacryla:e (PMMA) and polysulfone lenses, there was direct relation- 
ship between refractive index of lens and amount of measured corneal power change per air 
power of the lens. This was not true for hydrogel implants. 


Power Change Per Implant Power, % 
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Implant Refractive Index 
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refractive index in the monkey model 
resulted in increased effectiveness in 
altering the composite refraction of 
the cornea. The cornea was altered 
with PMMA lenses by 31% of the lens 
power in air. The polysulfone, with an 
even higher refractive index, resulted 
in a 40% change of the lens power in 
air. 


COMMENT 


If a synthetic material is to be 
useful as an intracorneal lens in 
refractive keratoplasty, it must alter 
the refractive power of the cornea 
either by changing the curvature of 
the cornea or altering its refractive 
index, and it must be biocompatible 
and unlikely to cause any toxic or 
metabolic damage to the cornea. To 
alter the anterior curvature’? of the 
cornea, a complete lamellar dissection 
is necessary to cut Bowman’s layer 
and the anterior collagen fibrils so 
that the anterior cornea can conform 
to the shape induced by the intracor- 
neal lens. This is most easily achieved 
with microkeratome lamellar keratec- 
tomy. However, this surgical proce- 
dure is technically difficult. The sur- 
geon must pass the instrument 
smoothly and create a completely reg- 
ular incision and lamellar dise and 
then must suture the lamellar disc 
back onto the cornea without creating 
astigmatism. A pocket dissection is 
technically simpler, but produces no 
effect on anterior corneal curvature 
because Bowman's layer and the ante- 
rior corneal fibrils remain mostly 
undisturbed. Indeed, implantation of 
an intracorneal lens in a pocket inci- 
sion more often produces posterior 
corneal bulging.'? 

Early attempts at alloplastic kera- 
tophakia used intracorneal lenses 
made of high-water content hydro- 
philic plastics because these would 


1. Ainslie D: The surgical correction of refrac- 
tive errors by keratomileusis and keratophakia. 
Ann Ophthalmol 1976;8:349-367. 

2. Swinger CA, Barraquer JI: Keratophakia 
and keratomileusis: Clinical results. Ophthalmol- 
ogy 1981;88:709-715. 

3. Taylor DM, Stern AL, Romanchuk KG, et al: 
Keratophakia: Clinical evaluation. Ophthalmolo- 
gy 1981;88:1141-1150. 

4. McCarey BE, Andrews DM: Refractive kera- 
toplasty with intrastromal hydrogel lenticular 
implants. Invest Ophthalmol Vis Sci 1981;21:107- 
115. 

5. McCarey BE, Andrews DM, Hatchell DL, et 
al: Hydrogel implants for refractive keratoplas- 
ty: Corneal morphology. Curr Eye Res 1982/ 
83;2:29-38. 

6. Binder PS, Deg JK, Zavala EY, et al: Hydro- 


gel keratophakia in nonhuman primates. Curr 


Eye Res 1981/82;1:535-542. 
7. Werblin TP, Blaydes JE, Fryczkowski AW, 
et al: Stability of hydrogel intracorneal implants 


126 Arch Ophthalmol— Vol 105, Jan 1987 


transmit water and nutrients freely to 
the anterior stroma and avoid the 
anterior stromal necrosis that had 
been observed previously when imper- 
meable implants were used. This 
material was biocompatible, but pro- 
duced little refractive change in the 
cornea when placed in a pocket dissec- 
tion, and had to be placed in a lamel- 
lar keratectomy incision to alter the 
curvature of the cornea.!? Choyce's? 
introduction of polysulfone as an 
intracorneal lens material allowed a 
return to the simpler pocket dissec- 
tion, but raised concerns about ade- 
quate nutrition of the cornea anterior 
to the impermeable material. 

The results of our study using intra- 
corneal lenses of three different 
indexes of refraction in a pocket dis- 
section demonstrate that none of 
them produced a significant alter- 
ation in corneal curvature, although 
the polymethylmethacrylate and 
polysulfone lenses that have refrac- 
tive power flatten the cornea approxi- 
mately 1 D. Consistent with previous 
experience, the hydrogel lenses pro- 
duced a minimal change in the refrac- 
tion of the eye, and, as we expected, 
the PMMA lens produced a moderate 
change in refraction and the polysul- 
fone lens produced a marked change 
in refraction. The higher the refrac- 
tive index of the plastic, the greater 
the refractive change (Table 2, 
Fig 3). 

The clinical experiments of Choyce? 
and the laboratory experiments of 
Lane and colleagues? have demon- 
strated that polysulfone intracorneal 
lenses can be compatible with persis- 
tent corneal clarity. Presumably, the 
nutrient of flow makes its way around 
the lenses, which are approximately 5 
mm in diameter, nourishing the ante- 
rior cornea. Of the eight eyes with 
impermeable implants, one developed 
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neovascularization in the lamellar 
bed, but none had developed anterior 
stromal opacities or ulcerations dur- 
ing the 17 months of follow-up. The 
pathologic presence of transparent 
crystals in six of eight monkey corne- 
as with rigid implants after a 13- 
month postoperative time must be 
evaluated further. In a separate series 
of intracorneal polysulfone lenses 
implanted in cats, we have observed 
the appearance of central anterior 
stromal white deposits and slight 
anterior stromal thinning over the 
course of one year after surgery. 
Synthetic materials similar to poly- 
sulfone have shown to be compatible 
with corneal tissue,'’ but long-term 
follow-up of the implants in humans 
and animals will be necessary to 
define the biocompatibility. 

An advantage of the rigid lenses is 
that the curvature and power can be 
verified with conventional contact 
lens equipment, so that the surgeon 
may be sure of implanting lenses of 
proper parameters. These parameters 
are much more difficult to measure on 
hydrogel implants, and the surgeon 
must depend on the accuracy of the 
manufacturer." 

We think that a material with a 
high refractive index can be used in a 
pocket incision in the cornea to 


produce significant alterations in cor- . 


neal power and ocular refraction and 
that the search for biocompatible 
materials of this type is warranted. 
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Three YAG laser 
systems ar? currently 
available for iridotomies. Theyre all from 
Coherent Medical. 


No surprise, really. We were first with YAG 
lasers for posterior capsulotomies. Now, 
were first +o add iridotomies. And the 
more procedures you can do, the faster 
your returm-on-investment. 


« Choose whichever model is best for you. 
They all heve Coherent’s unmatched laser 
experience and quality built-in. And 
theyre ail supported by the industry's 
most extensive service organization. 
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So for complete product information 

and financing plans, call us toll-free at 
(800) 635-1313 nationwide, (800) 423-9543 
in CA. Or write: Coherent Medical, 3270 
West Bayshore Road, P.O. Box 10122, 

Palo Alto, CA 94303. 
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SPS Pro-Paracaine 15.0 m 
Anti-infective 
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Anti-inflammatory 

SPS Dexa-Methasone 5.0 m. 
SPS Pred-Nisolone- (0.12596) 5.0 ml 
SPS Pred-Nisolone (1.096) 5.0 ml 
Decongestant 

SPS Naph- Azoline 15.0 ml 
Diagnostic 

SPS Fluresthetic 5.0 ml 

SPS Rose-Bengal 5.0 mi 
Glaucoma 

SPS Pilo-Carpine (1.0%) 15.0 ml 
SPS Pilo-Carpine (2.0%) 15.0 ml 
SPS Pilo-Carpine (4.0%) 15.0 ml 
Intraocular Irrigating Solutions 
Nutrisol 200 ml 

Nutrisol 500 ml 

Mydriatic Cycloplegic 
SPS Atro-Pine 5.0 ml 

SPS Cyclo-Pentolate 15.0 ml 
SPS Tro-Picamide 15.0 ml 
Steroid Anti-Infective 
Combinations 

SPS Pred-Sulfa 5.0 ml 

SPS Hydro-Mycin 5.0 ml 
Non-Prescription 

SPS Extra-Tears 15.0 ml 
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delivery, please write or call toll free: 


A 1-800-225-2578 


1-800-344-3390 
(Mass.) 
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FACULTY POSITIONS 
AVAILABLE 


The Department of Ophthal- 
mology at the University of 
South Carolina invites applica- 
tions for faculty positions in the 
following subspecialties: Neuro- 
Ophthalmology, Pediatric Oph- 
thalmology, Oculoplastics, and 
Ophthalmic Pathology. Aca- 
demic rank and salary based 
upon qualifications. Send CV 
and inquiries to: 


James G. Ferguson, Jr., M.D. 
Professor and Chairman 
Department of Ophthalmology 
University of South Carolina 
Four Richland Medical Park 
Suite 100 
Columbia, SC 29203 


PEDIATRIC 
OPHTHALMOLOGY 


Marshfield Clinic, a multispecialty 
private group practice of 250 phy- 
sicians in Central Wisconsin, is 
seeking a Fellow trained Pediatric 
Ophthalmologist to join its expand- 
ing 8 member Ophthalmology 
Department in a challenging medi- 
cal eenter referral practice. The 
Department currently consists of a 
Retinal Surgeon, Glaucoma Special- 
ist, Cornea/External Disease/Ocu- 
loplastic Specialist, three General 
Ophthalmologists and two Optome- 
trists. This is primarily a clinical 
position but opportunities for 
teaching and research also exist. 
Please send curriculum vitae to: 
John P. Folz, Director 
Patient Services 
Marshfield Clinic 
Marshfield, WI, 54449 
or call collect at (715) 387-5181 


GLAUCOMA SPECIALIST 


Ochsner Clinic seeks excellent subspecialty- 
trained ophthalmologist to assume an estab- 
lished glaucoma practice with affiliated residen- 
cy program. Starting salary commensurate with 
experience, productivity bonus, generous fringe 
benefits. Send C.V. to: 


Richard Hesse, M.D. 

Chairman, Department of Ophthalmology 
Ochsner Clinic 

1514 Jefferson Highway 

New Orleans, LA 70121 


CORNEAL DISEASES 
WITH EMPHASIS ON 
REFRACTIVE SURGERY 


Full-time faculty position involving Corneal Diseases and 
Refractive Surgery, including clinical, surgical, research, 
administrative, and teaching assignments. Candidates 
must have a medical degree with specialty in Ophthal- 
mology and subspecialty fellowship in cornea. Candi- 
dates must also be board certified or eligible. Salary and 
rank commensurate with training and experience. Start- 
ing date July 1, 1987. Please forward letters of 
application and resume to: 


Morton F. Goldberg, M.D. or 

Joel Sugar, M.D. 

Department of Ophthalmology 
1855 West Taylor, P.O. Box 6998 
Chicago, IL 60680 


In order to receive full consideration, applicants should 
apply by March, 1987. The University of Illinois is an 
AA/EOE. 
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Branch Retinal Artery Occlusion Associated With 


50-year-old woman had acute loss 

of vision in the left eye. Her 
visual acuity was 20/20 OD and 3/200 
OS. Inflammatory cells were present 
in the posterior vitreous of her left 
eye. In the distribution of the supero- 
temporal artery, the retina was white 
from cloudy swelling, characteristic of 
a branch retinal artery occlusion. The 
occlusion was at the site of an active 
retinochoroidal inflammatory lesion. 
Two inactive chorioretinal scars were 
present superior to the area of the 
actual lesion. Fluorescein angiogra- 
phy confirmed the active retinochor- 
oidal inflammatory process and the 
branch retinal artery occlusion. An 
enzyme-linked immunosorbent assay 
(ELISA) IgG test for toxoplasmosis 
was performed and was positive at a 
1:1020 dilution. She was treated with 
pyrimethamine and sulfadiazine, and 
oral prednisone was added two days 
later. The inflammatory lesion re- 
solved. Her visual acuity remained 
poor at 10/200. 

This patient had an acute focal reti- 
nochoroidal inflammatory lesion 
characteristic of a reactivated toxo- 
plasmosis infection. This was associ- 
ated with a branch retinal artery 
occlusion, which can occur, although 
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Recurrent Toxoplasmic Retinochoroiditis 


rarely, when a vessel passes through 
an acute toxoplasmic lesion.'? Retinal 
changes associated with the occlusion 
may obscure the inflammatory focus 
initially. Retinal artery occlusions in 
these patients are probably secondary 
to the local inflammation, where 
marked congestion, edema, and necro- 
sis can obliterate and destroy vessels 
passing through the lesion.‘ 

CRAIG M. MonGAN, MD 

Ann Arbor, Mich 


EVANGELOS S. GRAGOUDAS, MD 
Boston 


We thank Kimberly Brown, CRA, for the clini- 
cal photography and Patricia Morin for manu- 
script preparation. 
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Fig 1.—Left eye, initial examination. Top left, Superior macula is ischemic secondary to branch retinal artery occlusion. 
Partial pesterior vitreous detachment is present (arrow). Top right, Active focus of retinochoroidal inflammation at apex of 
retinal infarct (arrow). Two inactive choroidal scars are present superiorly. Bottom, Fluorescein angiogram demonstrating 
branch arterial occlusion. 





Fig 2.—Left eye one week later. Cloudy swelling is resolving. Fig 3.—Left eye six weeks later. Ocular inflammation and retinal 
edema have resolved. 
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Surgical Technique 


Argon Endophotocoagulation With 


Indirect Ophthalmoscopy 


G. Robert Hampton, MD 


@ Argon endophotocoagulation may 
not be possible in some eyes due to the 
poor view afforded by the operating 
microscope. This limitation is avoided by 
viewing through argon filter goggles with 
the indirect ophthalmoscope while apply- 
ing treatment with the endophotocoagula- 
tion argon laser probe through a pars 
plana entry site. This method has proved 
particularly helpful in the gas-filled eye, 
for treatment over a preexisting scleral 
buckle, or for a more complete peripheral 
panretinal photocoagulation. 

(Arch Ophthalmol 1987;105:132) 


rgon endophotocoagulation has 
proved a valuable adjunct during 
pars plana vitrectomy.' Occasionally 
it is technically difficult or not possi- 
ble to utilize the technique due to 
corneal or lenticular distortion or the 
need for treatment of the retinal 
periphery, especially in a gas-filled 
eye. These limitations are more pro- 
nounced while viewing through the 
operating microscope. 

Applying argon endophotocoagula- 
tion while viewing with the indirect 
ophthalmoscope reduces the above 
limitations. Previous methods de- 
scribing this technique require pur- 
chase of a laser delivery ophthalmo- 
scope or fabrication of small argon 
filters for attachment to a standard 
ophthalmoscope.** The technique de- 
scribed herein affords the viewer 
laser protection during the procedure 
by using the standard argon filter 
goggles (Laser Guard) supplied with 
most lasers (Figure). Though these 
goggles eliminate view of the aiming 
beam, this is not a severe limitation. 


TECHNIQUE 


The probe is initially placed into the 
vitreous cavity by a routine pars plana 
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entry site. It is easiest to gain orienta- 
tion to intraocular probe location by 
first visualizing the tip directly before 
placing the condensing lens into the 
optical path. The probe then can be 
slowly moved to the location of 
desired treatment while viewing 
through the indirect ophthalmoscope. 
Application of laser burns is best con- 
trolled if laser duration is set on con- 
tinuous and power is set at a level 
such that burns require approximate- 
ly 1 to 2 s to develop. With these 
settings the probe is brought to the 
approximate location of treatment, 
the foot control places the laser in 
treatment mode, and the more intense 
beam is seen on the retina through the 
filler goggles. Final location of burn 
can then be quickly adjusted by small 
movements of the probe tip. Using the 
continuous mode allows the viewer to 
adjust the intensity of each spot with 
the foot control, as the time required 
will vary with slight differences in 
distance from the retina, presence of 
small amounts of subretinal fluid, and 
underlying pigmentation. The entire 
retinal periphery can be treated via 
the usual two superior pars plana 
vitrectomy sites and occasionally an 
additional inferior site. Caution must 
be exercised while employing this 
technique in a phakic patient as 
aggressive efforts to reach the retinal 
periphery may lead to inadvertent 
posterior lens damage from the probe 
shaft. 

Occasionally the probe tip will 
appear to be in a dangerous position, 
and movement may seem particularly 
difficult or awkward while viewing 
the inverted image with the indirect 
ophthalmoscope. In these situations, 
removing the condensing lens from 
the view and returning the probe tip 
to the midvitreous cavity under direct 
visualization is the safest escape. 


COMMENT 


The technique has proved particu- 
larly useful in vitrectomy for prolifer- 
ative vitreoretinopathy, where treat- 
ment is required over a preexisting 
scleral buckle, or when treatment is 


extended to the periphery in a diabet- 
ic. The ability to apply laser photoco- 
agulation in cases that previously 
could not be done until the postopera- 
tive period due to poor visualization 
with the operating microscope has 
proved the endophotocoagulator an 
even greater adjunct to pars plana 
vitrectomy. 


This study was supported in part by the Eye 
Research foundation of Central New York. 

The author has no commercial or proprietary 
interest in any product mentioned in this arti- 
cle. 
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photocoagulation using indirect ophthalmos- 
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New Instrument > 


Internal Sclerectomy for Glaucoma Filtering 


Surgery With an Automated Trephine 


Reay H. Brown, MD; David B. Denham, MS; William E. Bruner, MD; 
Mary G. Lynch, MD; Harry A. Quigley, MD; Jean-Marie Parel, Ing, ETS-G 


è A technique is described for per- 
forming full-thicxness glaucoma filtering 
operation from within the anterior cham- 


. ber. The procedure utilizes an automated 


trephine, designated the *trabecuphine," 
that is capable of simultaneous cutting 
and irrigation. The trabecuphine is 
brought into the anterior chamber through 
a limbal incision 180° away from the 
planned filter site. The trephine is passed 
across the anterior chamber, above the 
iris, and into the angle to perform the 
sclerotomy. Thess procedure was per- 
formed success:-ully in 13 eyes of seven 
cynomolgus moakeys. Complications in- 
cluded two smail hyphemas that cleared 
completely. Other complications such as 
flat anterior chamber, corneal damage, 
iridodialysis, comjunctival buttonhole, and 
cataract formation did not occur. Internal 
scleral trephination may offer another 
alternative in the surgical management of 
patients with intactabie glaucoma. 
(Arch Ophthaenol 1987;105:133-1 36) 
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onventional filtering operations 
(ie, trabeculectomy, posterior lip 
sclerectomy, trephination) are less 


. successful in certain subgroups of 


patients with glaucoma. These poor 
prognosis groups include aphakic 
individuals,? young people,’ blacks,‘ 
and patients in whom previous filter- 
ing operations have failed. The diffi- 
culties with these patients have led to 
the use of a variety of alternative 
procedures such as the implantation 
of setons®® and the adjunctive use of 
antimetabolites (ie, fluorouracil) in an 
effort to achieve a functioning fil- 
ter.” 

We have developed a technique that 
may increase the likelihood of success 
in glaucoma surgery. This procedure 
consists of performing a trephine 
operation from inside the anterior 
chamber with an automated 19-gauge 
cutting instrument that has been des- 
ignated the “trabecuphine.” 


MATERIALS AND METHODS 
The Automated Trephine 


The trabecuphine (Fig 1) is an auto- 
mated trephine with the capacity for 
simultaneous infusion and cutting. Only 
the distal segment (3 mm) of the instru- 
ment rotates to minimize the potential for 
engaging the iris or other intraocular tis- 
sues. The diameter of the tapered trephine 
cutting blade is 0.9 mm. The intraocular 
portion of the trabecuphine is 19 gauge and 
made of stainless steel. 

The trephine is activated by a small 


direct current motor housed in the hand- 
piece. The motor is powered by a battery- 
operated power pack and controlled by a 
foot switch.? The foot switch has two posi- 
tions. Light depression of the foot switch 
sets the trephine at a low speed that is 
adjustable from 60 to 300 rpm. Full depres- 
sion of the foot switeh sets the trephine 
into overdrive (3000 rpm). This feature 
permits the surgeon to first set the tre- 
phine at a slow rotation, preferably 60 
rpm, so that its position in the angle can be 
checked with minimal risk to the iris or 
cornea. Then the overdrive is activated to 
maximally increase the rotation speed as 
the trephine cutter performs the sclerecto- 
my. 

The instrument tip is hollow to permit 
coaxial infusion. With the bottle set at 35 
cm above the eye to be operated on, an 
infusion flow rate of 1.75 mL/min is 
obtained. A small fraction (0.25 mL/min) 
escapes from the trephine bearing situated 
at the distal end of the tip. This flow helps 
to maintain a deep anterior chamber while 
the central lumen is blocked by engaged 
tissue. The trabecuphine is autoclavable 
and weighs 39 g. 


Surgical Technique 


A preliminary series of operations was 
performed on the eyes of cynomolgus mon- 
keys (Macaca fascicularis) to refine the 
instrument and the surgical technique." 
Once a successful filter was obtained rou- 
tinely, a second surgical series was begun 
on 13 eyes of seven cynomolgus monkeys. 
Each monkey received an intramuscular 
injection of ketamine hydrochloride (15 
mg/kg) followed by intravenous pentobar- 
bital sodium (10 to 20 mg/kg). The animal 
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was intubated to maintain the airway. The 
eye to be operated on received 2% pilocar- 
pine hydrochloride to achieve a miotic 
pupil to protect the lens. A limbus-based 
conjunctival flap was dissected. The anteri- 
or chamber was entered at the limbus with 
a 19-gauge blade. This incision was made 
180° away from the intended filter size. In 
some cases, a 23-gauge cannula was used for 
additional infusion to maintain a deep 
anterior chamber. An end-cutting vitrec- 
tomy instrument" was used to perform a 
peripheral iridectomy beneath the expected 
location of the fistula. The iris was aspi- 
rated into the cutting port and then excised 
to create the iridectomy (Fig 2). 

Balanced salt solution was injected sub- 
conjunetivally with a 30-gauge needle to 
raise a bleb above the filter site, thereby 


134 Arch Ophthalmol— Vol 105, Jan 1987 


Fig 1.— Top, Trabecuphine handpiece. Center, Higher-power view of 1 
(arrowhead). Bottom, Schematic cross section through trephine ti 





preventing buttonhole formation when the 
trabecuphine perforated the sclera. The 
trephine was carefully moved across the 
anterior chamber over the iris at all times. 
Infusion through the trephine and through 
the limbal cannula ensured the mainte- 
nance of a deep anterior chamber. The 
trephine tip was brought into the angle 
above the iris and beneath the surgical 
limbus. The slower cutting speed was acti- 
vated. Once the angle position appeared 
optimal with no iris engagement, then the 
high-speed overdrive was activated to per- 
form the scleral trephination (Figs 3 and 
4). When the episcleral space was entered, 
infusion through the trephine ballooned up 
the overlying bleb. No attempt was made 
to remove the scleral plug. The trephine 
tip, however, was always sighted within 


9-gauge trephine tip. Only distal 3-mm segment rotates 
p. Infusion flows through core of instrument (INF,) aswell as 
through gap between rotating segment and stationary shaft (INF,). 


the bleb to ensure that the plug was com- 
pletely pushed out of the fistula and into 
the overlying episcleral tissues. 

In some cases, a gonioprism was used to 
assess the position of the trabecuphine in 
the anterior chamber angle. We found, 
however, that the lens was not necessary 
routinely. With a slow rotation speed, the 
trephine could be positioned reliably with- 
in the angle without damage to the cornea 
or iris. 

By light microscopy we examined the 
eyes of one monkey killed at 24 hours and 
another killed at 48 hours. The remaining 
five monkeys were examined clinically at 
one week postoperatively and intraocular 
pressure (IOP) was measured by pneu- 
matonometry. Three of these monkeys also 
underwent external examination and 
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Fig 2.—End-cutting vitrectomy instrument is used to create iridectomy 
beneath intended sclerectomy site. Larger peripheral iridectomy was 


made during previous, unrelated procedure. 





Fig 4.— Trabecuphine has completed sclerectomy and large bleb is 
present (arrows and arrowhead). 


tonometry at one to-two days after surgery 
and were reexzmined at three weeks post- 
operatively. 


RESULTS 


An iridectomy and scleral fistula 
were created-successfully in each case 
(Fig 5). A large bleb always was 
present at the end of surgery with a 
formed anterior chamber. A small 


^. amount of transient bleeding occurred 


in most animals as the iridectomy was 
made. One animal showed a small 
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Fig 3.— Schematic diagram of trephine completing sclerectomy. Arrow 
depicts rotary movement of distal segment. Excised scleral tissue is 


pushed out of sclerectomy site by trephine. 


(<5%) hyphema that cleared by the 
first day after surgery. A second eye 
also had a small hyphema on the 
second postoperative day that cleared 
by one week. No hyphemas were seen 
at either the one- or three-week exam- 
inations. 

In the three animals (five eyes) 
examined at one and two days, the 
mean IOP was 6.0 mm Hg (range, 0 to 
17 mm Hg). A diffuse, shallow bleb 
was present in each eye with a formed 
chamber. The mean IOP at one week 





Fig 5.— Schematic diagram of completed filtering procedure with 
iridectomy. As trephine first perforates sclera anteriorly, excised scleral 
plug usually remains hinged posteriorly and lodged within episclera. 
Arrow depicts path of scleral plug. 


in five animals (nine eyes) was 6.3 mm 
Hg (range, 0 to 15 mm Hg). A bleb was 
present in five eyes. In one eye a bleb 
could be raised following ocular mas- 
sage. No bleb was present in three 
eyes. Of the six eyes examined at 
three weeks, the mean IOP was 18.3 
mm Hg and no blebs were present. 
Flat anterior chamber, corneal dam- 
age, iridodialysis, conjunctival but- 
tonhole, and cataract formation did 
not occur in this series. 

Gross and histologic examination at 
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Fig 6.—Open sclerectomy (arrowhead) is 


present along anterior edge of trabecular 
meshwork. 


24 and 48 hours revealed an open 
scleral fistula with sharp margins 
(Fig 6). The internal aspect of the 
trephine incision included the superi- 
or portion of the trabecular meshwork 
(Fig 5). Thus, the excised tissue 
included meshwork as well as sclera. 
The sscleral-trabecular plug was 
hinged along one edge, embedded in 
the episcleral tissue, and not obstruct- 
ing the fistula. 


COMMENT 


The ability to perform a glaucoma 
filtering operation from inside the 
anterior chamber offers several 
potential advantages over convention- 
al filtering techniques. First, with an 
internal approach, a scleral fistula 
can be created without a conjunctival 
incision and with minimal trauma to 
overlying episcleral tissue. Most fil- 
tering procedures fail because scar 
tissue forms over the external scleral 
opening and blocks filtration." A 
technique that avoids cautery and 
surgical injury to the conjunctiva and 
episclera may minimize scar forma- 
tion and improve the chances for long- 
term filtration. Conventional filtering 
surgery generally results in a local- 
ized bleb that is demarcated by the 
original conjunctival incision. The 
internal procedure appeared to give a 
lower, more diffuse area of conjuncti- 
val elevation without a definite bor- 
der. 

‘Second, an internally created filter 
can be placed at positions along the 
limbus that are not easily accessible 
through an external approach. Thus, 
new areas of previously untreated 
conjunetiva become available to the 
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surgeon. A filtering operation per- 
formed beneath "virgin" conjunctiva 
may have a better chance of success as 
well as being less technically diffi- 
cult. 

Third, despite the creation of a full- 
thickness scleral opening, flat anteri- 
or chambers did not occur in this 
monkey series. The presence of intact 
episcleral tissue may reduce filtration 
and make this procedure more like a 
"guarded" filter (ie, trabeculectomy) 
than a “full-thickness” filter (ie, 
trephination). It is not known, howev- 
er, whether flat chambers would 
develop in human eyes following this 
procedure. The absence of a conjuncti- 
val incision may reduce the possibility 
of a wound leak that also might cause 
a flat chamber. 

An internally created fistula may 
have added advantages when com- 
bined with subconjunctival injections 
of fluorouracil or other antimetabo- 
lites. The absence of a conjunctival 
incision would eliminate the compli- 
cation of wound leaks and also avoid 
the lengthy closure techniques de- 
signed to prevent them. Furthermore, 
this procedure may make it more fea- 
sible to inject the antimetabolite 
nearer to the scleral fistula rather 
than 180? away. 

An internal trephine operation also 
has potential disadvantages. First, it 
requires the use of sophisticated 
intraocular instruments and the 
development of new surgical skills. 
Furthermore, surgery performed 
from within the anterior chamber jeo- 
pardizes the corneal endothelium, iris, 
and lens. Intraocular injury, however, 
was not seen in this nonhuman pri- 
mate series. Second, although the tra- 
becuphine may improve access to the 
inferior and nasal limbus, the instru- 
ment may be difficult to use to reach 
the superotemporal limbus. 

A deep anterior chamber is critical 
to the safety of this procedure. We 
found that with a tight wound and 
with adequate infusion it was possible 
to reliably maintain a deep anterior 
chamber. Visco-elastic substances 
also could be used in human patients 
to improve the safety margin. 

This study was designed to test the 
feasibility of performing a full-thick- 
ness filtering procedure from within 
the anterior chamber. No attempt was 
made to determine the long-term suc- 
cess of this surgery in primates or to 
compare it with conventional external 
filtering procedures. It has been 
shown that monkey eyes routinely 
close experimental filtering fistulas 
within two weeks due to their vigor- 
ous healing response.’ 


The technical success of the trabec- 
uphine procedure in primates has 
encouraged us to consider its use in 
patients with uncontrolled glaucoma 
who have a high risk of failure with 
conventional surgery. The best candi- 
dates for internal sclerectomy may be 
aphakic and pseudophakic patients, 
since there would be no risk of dam- 
age to the crystalline lens. 

In summary, we have developed a 
technique for performing a full-thick- 
ness, scleral trephination from within 
the anterior chamber. Internal scleral 
trephination may offer another alter- 
native in the surgical management of 
carefully selected patients with 
intractable glaucoma. 
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Continuing Medical Edugation 


Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
b interest and impertance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsers are encouraged to notify the ARCHIVES of upcoming CME activities 
for inclusion in the list free of charge. The list contains such basic information on CME 
offerings as title of CME activity, sponsor, topic, dates and place where activity will occur, 
and number of heurs ef instruction. The number of CME category 1 credits will be listed 
wherever possible. Readers are encouraged to contact the accredited sponsor for more 


detailed information. 


ARIZONA 


Thirteenth Ann Froatiersan Ophthalmol Sem At: 
Scottsdale Dates: 2/19/97 to 2/21/87 Hrs Instr: 
15 (AMA & CMAsategory 1) Sponsors: Pren- 
tice Eye Inst & 3t Luke's Med Ctr Contact: 
Christine Campbell, St Luke's Med Ctr, 1800 E 
Van Buren, Phoenix 85006; (602)947-7756 


CALIFCRNIA 


Diagnostic Ophthalmic Ultrasound Course: 
Standardized Echography Method At: Los 
Angeles Dates: 1/22/87 to 1/24/87 Reg Fee: 
$350 practicing ophthalmologists, $175 resi- 
dents & techs Hrs Instr: 18 Sponsors: Estelle 
Doheny Eye Found, Univ of Southern Califor- 
nia Dept of Ophthalmol Contact: Beverly 
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O’Brien, Coordinator, CME, Estelle Doheny 
Eye Found, 1355 San Pablo St, Los Angeles 
90033; (213)224-7917 


Ophthalmic Med Asst Prgm: Screening Eval At: 
Los Angeles Date: 1/28/87 Reg Fee: $50 Hrs 
Instr: 3.5 Sponsors: Estelle Doheny Eye 
Found, Univ of Southern California Dept of 
Ophthalmol Contact: Beverly O’Brien, Coordi- 
nator, CME, Estelle Doheny Eye Found, 1355 
San Pablo St, Los Angeles 90033; (213)224- 
7917 


Squaw Valley Retinal Symp At: Tahoe City 
Dates: 2/1/87 to 2/5/87 Sponsor: Retinal Fac- 
ulty of Univ of California, Davis Contact: J. 
Robert Griffin, MD, 107 Scripps Dr, Suite 110, 
Sacramento 95825; (916)929-2525 


Strabismus Surg Course: Adjustable Suture 
Techniques At: Los Angeles Date: 2/6/87 Reg 
Fee: $300 Hrs Instr: 7 Sponsors: Estelle Dohe- 















\K@! 


« 






& + Z 
Division of Ophthalmology : E 
University of Hawaii School of Medicine T ^. 


INVITES YOU TO THE THIRD ANNUAL 
MID-WINTER SEMINAR 


Featuring this outstanding faculty: 


STEVE CHARLES, M.D., Memphis e Retina and Vitreous Surgery 
MANUS KRAFF, M.D., Chicago e Cataracts and I.O.L.s 
DONALD MINCKLER, M.D., Los Angeles e Glaucoma 


Hyatt Regency Waikiki 
March 2-4, 1987 


Registration Fee: $300 (If received by November 1, 1986) 
Reaistration after Nov. 1, 1986: $350 


Approved for AMA Continuing Education Credit Category 1 
12 Credit Hours by the University of Hawaii & The Hawaii Ophthalmological Society 
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Honolulu Number: (808) 737-4125 


ny Eye Found, Univ of Southern California 
Dept of Ophthalmol Contact: Beverly O’Brien, 
Coordinator, CME, Estelle Doheny Eye Found, 
1355 San Pablo St, Los Angeles 90033; (213)224- 
7917 


Res Study Club Midwinter Conf At: Los Angeles 
Dates: 2/8/87 to 2/11/87 Reg Fee: $235 until 
1/1/87, then $275 residents, $125 retired or 
military physicians Contact: Res Study Club, 
Box J, South Pasadena 91030 


Retina Workshops At: Palm Springs, Carmel 
Valley Dates: 3/5/87 to 3/7/87, 4/2/87 to 4/ 
4/87 Contact: Howard Schatz, MD, 390 Laurel 
St, San Francisco 94118; (415)921-4860 


The Visually Impaired Child (O to 7 Years) At: 
Universal City Dates: 3/6/87 to 3/7/81 Con- 
tact: Katharine Seibert, Conf Coordinator, The 
Blind Childrens Ctr, 4120 Marathon St, PO Box 
29159, Los Angeles 90029-0159; (213)664-2153 


COLORADO 


Corneal & Refractive Surgery At: Vail Dates: 
1/31/81 to 2/4/87 Hrs Instr: 14 Contact: Carol 
Goddard, PO Box 4834, Englewood 80155; 
(303)770-6048 


Aspen Corneal Soc Mtg At: Snewmass Dates: 
2/21/87 to 2/28/87 Contact: Mitchell Fried- 
laener, MD, Div of Ophthalmol, Scripps Clinic 
& Res Found, 10666 N Torrey Pines Rd, La 
Jolla, CA 92037 


Current Concepts in Ophthalmol At: Vail Dates: 
3/14/87 to 3/21/87 Hrs Instr: 30 Reg Fee: $450, 
(Continued on p 141.) 
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Registration Information: 
HOSMWS 87 
3578 Pahoa Avenue 
Honolulu, Hawaii 96816-2265 
Toll Free: 800-341-1950 x44 


FIKIRIA IKAI Qo PS UKdI PSI 


for 


140 





WIWills Eye Hospital 


announces 


The Twelfth Annual 
Ophthalmology Review Course 


April 5-9, 1987 


The Sheraton Society Hill Hotel 
Philadelphia, PA 
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Guest Speaker 
David L. Guyton, M.D. 


Associate Professor of Ophthalmology 
The Wilmer Ophthalmological Institute 
Johns Hopkins University 
Baltimore, Maryland 


Peter J. Savino, M.D., Course Director 
Faculty & Topics 


Topic 

Retina & Vitreous 

Anatomy & Embryology 
Corneal & External Diseases 


Ocular Patholoqy 
Uveitis 
Orbit, Eyelid & Lacrimal System 


Optics & Refraction 

Physiology 

Pharmacology & Therapeutics 
Pediatric Ophthalmology & Strabismus 
Neuro-Ophthalmoloqy 

Ocular Tumors 

Glaucoma 


Further Information: 
Wills Eye Hospital 


Department of Continuing Medical Education 


Ms. Lucia M. Manes 
9th & Walnut Streets 
Philadelphia, PA 19107 


(215) 928-5578 


Faculty 
William E. Benson, M.D. 
Gary C. Brown, M.D. 
Elisabeth J. Cohen, M.D. 
and Juan J. Arentsen, M.D. 
Ralph C. Eagle, Jr., M.D. 
David H. Fischer, M.D. 
Joseph C. Flanagan, M.D. 
and Mary A. Stefanyszyn, M.D. 
David L. Guyton, M.D. 
Joseph I. Markoff, M.D. 
Marlene R. Moster, M.D. 
Leonard B. Nelson, M.D. 
Peter J. Savino, M.D. 
Jerry A. Shields, M.D. 
Richard P. Wilson, M.D. 


Tuition Fee: 
$500 Practicing Physicians 
$250 Residents & Fellows 
(with Letter from Program Chairman) 
Continuing Education Credits: 
This course is eligible for 41 credit hours in 
Category 1 of the Physicians’ 
Recognition Award of the AMA 


(Continued from p 139.) 
$350 residents im training Course Dirs: Wfiter 
J. Stark, MD, E»nald-G. Michels, MD Contact: 
Diane Heydinger, CME, The Johns Hopkins 
Med Inst, Turr=r 22; 720 Rutland Ave, Balti- 
more, MD 21205; (30!)955-6046 


DISTRICT OF COLUMBIA 


World Congress on the Cornea Ill Mayflower 
Hotel Dates: 4.26/87 to 5/1/87 Reg Fee: $350 
($150 deposit, $200 balance due by 1/1/87), 
limited to 500 persons Sponsor: Castroviejo 
Society Contac-: Thomas M. Driscoll Inc (res- 
ervations & deposits), Conference Manage- 
ment, 520 N Ca»itol St NW 20001 


FLORIDA 


Symp /25th Anniversary of the Bascom Palmer 
Eye Inst At: Wami Beach Dates: 2/19/87 to 
2/21/87 Hrs Instr: 15.5 Reg Fee: $400, $200 
residents and fellows Contact: CME, PO Box 
610326, Miami 33261: (305)326-6099 


Oculoplastic Casaver Dissection Course At: 
Tampa Dates: 3/26/87 to 2/28/87 Course Dir: 
J. Justin Older MD Contact: Roger J. Gstal- 
der, MD, Dept of Ophthalmol, Univ of South 
Florida Coll of Med, Box 21, 12901 N 30th St, 
Tampa 33612; (213)974-3170 


Current Concepts in Ophthalmol/Otolaryngol 
Update At: Boce Raton Dates: 3/5/87 to 3/1/81 
Contact: Jennifr A. Bonnett, Asst Dir, Flori- 
da Midwinter Sem, =a W Morse Blvd, Suite 
201, Winter Park 32789; (305)647-8839 


GEORGIA 


Med Retinal Workshop At: Atlanta Dates: 2/ 
20/87 to 2/21/87" Hrs instr: 10.5 Reg Fee: $350 


January 22. 23 & 24, 1987 
Diagnostic Ophthalmic Ultrasound 
Course: 

Standardized Echography Method 


Course Director 
Ronald L. Green..M.D. 


Special Guest Speaker 
Karl C. Osscinig, M.D. 


Faculty 

Sandy Frazier Byrne 

Miriam Car», M.D. 

Steve E. Feldon, M.D. 

Roger Harris, M.D. 

Kenneth J. Eoffer. M.D. 

Barry Kerman, M.D. 

Peter E. Ligsett, M.D. 

J. John Shammas, M.D. 
Accreditation: 

18 hours AMA/CMA 

18 hours JCAHPO (application 
submitted) 

Fee: 

$350 Practicing Ophthalmologists 
$175 Residents and Technicians 





Prgm Dirs: Travis A. Meredith, MD, Henry J. 
Kaplan, MD, Paul Sternberg, MD Contact: 
Marianne Jackson, CME, Emory Eye Ctr, First 
Floor, 1327 Clifton Rd NE, Atlenta 30322; 
(404)321-0111, ext 3433 


HAWAII 


Royal Hawaiian Eye Mtg At: Kailua-Kona Dates: 
2/1/87 to 2/7/87 Contact: Hawaiian Eye 
Found, 606 Kilani Ave, Wahiawa 96786; 
(808)621-8448 


Third Ann Midwinter Sem At: Waikiki Dates: 
3/2/87 to 3/4/87 Hrs Instr: 1 (AMA category 1), 
12 (Univ of Hawaii & Hawaii Ophthalmol Soc) 
Reg Fee: $350 Contact: HOSMWS 87, 3578 
Pahoa Ave, Honolulu 96816-2265. (800)341- 
1950, ext 44 


ILLINOIS 


Clin Challenges Day At: Chicago Date: 3/4/87 
Hrs Instr: 6 Reg Fee: None Course Dir: Steven 
Pollack, MD, Contact: Sue Talbert, CME, Univ 
of Illinois, 912 S Wood St, Second Floor N, 
Chicago 60612; (312)996-8025 


KENTUCKY 


Townes Symp At: Louisville Dates: 3/13/87 to 
3/15/87 Speaker: M. Bruce Shields, MD Con- 
tact: Arthur H. Keeney, MD, Dept of Ophthal- 
mol, Univ of Louisville, 301 E Muhammad Ali 
Blvd, Louisville 40202 (502)588-546€ 


LOUISIANA 


Cataracts in the Nineties At: New Orleans Dates: 
2/14/87 to 2/17/87 Reg Fee: $350 in advance, 
$400 at door (no charge to residents with letter 


Estelle Doheny Eye Foundation 
and 
University of Southern California 
Department of Ophthalmology 


JANUARY / FEBRUARY, 1987 
CONTINUING MEDICAL 
EDUCATION PROGRAMS 


February 6, 1987 
Strabismus Surgery: 
Adjustable Suture Techniques 


Course Director 
Kenneth W. Wright, M.D. 


Accreditation: 
7 hours AMA/CMA 


Fee: 
$300 


Ophthalmic Medical Assistant 
Programs 


January 28, 1987 

Screening Evaluation 

Course Directors 

A. Frances Walonker, C.O., C.O.M.T. 
Beth Quillen-Thomas, C.O.M.T. 


Accreditation: Fee: 
31⁄2 hours JCAHPO (application $50.00 
submitted) 


p 
| . Sof 


A3 
E 


from chief of service) Hrs Instr: 27 Contact: 
Emily Busby, New Orleans Acad of Ophthal- 
mol, Eye, Ear, Nose & Throat Hosp, 145 Elk PI, 
Rm 203, New Orleans 70112 


MARYLAND 


Vascular Disorders of the Retina and Choroid 
At: Baltimore Date: 1/16/87 Hrs Instr: 8 Reg 
Fee: $185, $100 residents & fellows Prgm Dir: 
Stuart L. Fine, MD Contact: Prgm Coordina- 
tor, CME, Turner 22, 720 Rutland Ave, Balti- 
more; (301)955-6046 


Third Ann Univ of Maryland Contact Lens Symp 
At: Baltimore Dates: 3/19/87 to 3/21/87 
Course Dir: Barry M. Weiner, OD Contact: 
Prgm of CME, Univ of Maryland Sch of Med, 
10 S Pine St, Baltimore 21201; (301)528-3956 


MASSACHUSETTS 


Sixteenth Ann Course in Prac Aspects of Photo- 
coagulation At: Boston Dates: 3/19/87 to 3/ 
21/87 Reg Fee: $450 full course, $250 didatic 
session only Hrs Instr: 16 (category 1) Spon- 
sors: Eye Research Inst of Retina Found & 
Postgrad Med Inst Contact J. Wallace 
McMeel, MD, c/o J. Cerone, 100 Charles River 
Plaza, Boston 02114; (617)523-7810 


MICHIGAN 


Ophthalmol Basic & Clin Rev Course At: Detroit 
Dates: 3/12/87 to 3/17/87 Hrs Instr: 42 Reg 
Fee: $550 practicing phys, $400 residents & 
fellows Contact: CME, Wayne St Univ Sch of 
Med, 4-H St Antoine, Detroit 48201; (313)577- 
1180 


Continued on p 143. 


February 25, 1987 
Refraction Techniques 


A. Frances Walonker, C.O., C.O.M.T. 
Beth Quillen-Thomas, C.O.M.T. 


Accreditation: 
3% hours JCAHPO (application 
submitted) 


Fee: 
$50.00 


Location for all Courses: 
Estelle Doheny Eye Foundation 
1355 San Pablo Street 

Los Angeles, California 90033 


Information: 

Beverly O'Brien, Coordinator 
Continuing Medical Education 
Estelle Doheny Eye Foundation 
1355 San Pablo Street 

Los Angeles, California 90033 
(213) 224-7917 
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MEMPHIS EYE CONVENTION 


PRESENTED BY 
THE MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND 
UNIVERSITY OF TENNESSEE * DEPARTMENT OF OPHTHALMOLOGY 
MARCH 28-29, 1987 * THE PEABODY HOTEL * MEMPHIS, TENNESSEE 
GUEST FACULTY: 


ROBERT DRYDEN, M.D. MARGUERITE McDONALD, M.D. FRANCIS L'ESPERANCE, M.D. 


TOPICS THAT WILL BE COVERED: 





Ptosis Surgery Photodynamic & Photovaporization Therapy 

Surgical Management of Dysthyroid Ophthalmopathy of Ocular Tumors 

Diagnosis & Management of Skin & Eyelid Tumors Epikeratophakia 

Trans-spectral Dye Laser Photocoaqulation Improving Lamellar Refractive Surgery 

Ophthalmic Lasers Future of. Refractive Surgery-Including Eximer Lasers 


For further information, please contact: 
Thomas C. Gettelfinger, M.D., Director, Memphis Eye Convention, 6485 Poplar Avenue, Memphis, Tennessee 58119, (901) 767-5957 


~~ 


BASIC SCIENCE COURSE IN OPHTHALMOLOGY 
AT STANFORD 


July 1 through September 4, 1987 


Held in conjunction with the Northern California Universities: 


University of California, Davis 

Pacific Presbyterian Medical Center 
University of California, San Francisco 
Stanford University 


Sections include Anatomy, Microbiology and External Disease, Pathology, Physiology and 
Biochemistry, Embryology and Genetics, Motility, Glaucoma, Pharmacology, Neuro-ophthal- 
mology, Fluorescein Angiography, Optics and Theory of Refraction, and other important 
shorter subjects. 


Instructors include Doctors C. Beard, B. Crawford, C. Dawson, S. Day, R. Dryden, P. Egbert, A. 
Flach, D. Guyton, M. Hall, J. Hetherington, Jr., A. Jampolsky, J. Keltner, M. Mannis, M. 
Marmor, H. Schatz, W. Scott, W. Spencer, and many others on the faculty of 70. 


. Tuition is $1300. For further information and application forms, please write to J.W. 
Bettman, M.D., Division of Ophthalmology, A-157, Stanford Medical Center, Stanford, 
California 94305. 
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(Continued from p 141.) A 
NEVADA 


Am Soc of Contemporary Ophthalmol At: Las 
Vegas Dates: 3/15/87 to 3/20/87 Contact: John 
G. Bellows, MD, PhD, 211 E Chicago Ave, Suite 
1044, Chicago, IL 60611; (312)787-3335 


NEW YORK 


Pediatric Ophthalmol & Strabismus At: New 
York Date: 2/7.87 Contact: Martha Klapp, 
Manhattan Eye, Ear & Throat Hosp, 210 E 
64th St, New York 10021; (212)605-3762 


Contact B & A Scan Diagnostics Ultrasonogra- 
phy At: New York Dates: 2/13/87 to 2/14/87 
Contact: Yale L. Fisher, MD, Course Dir, Man- 
hattan Eye, Ear & Throat Hosp, 210 E 64th St, 
New York 100217212)605-3753 


Basic Clin Immunosogy for the Ophthalmologist 
At: New York Date: 2/21/87 Contact: Martha 
Klapp, Manhattan Eye, Ear & Throat Hosp, 
210 E 64th St, New Yerk 10021; (212)605-3762 


Ann Live Ophthalmic Plastic Surgery Workshop 
At: New York Dates: 3/6/87 to 3/7/87 Contact: 
Martha Klapp, Manhattan Eye, Ear & Throat 
Hosp, 210 E 64th St, New York 10021; (212)605- 
3162 


Basic Subjects ir Ophthalmol At: New York 
Dates: 3/9/87 to 3/14/57 Hrs Instr: 48 (category 
1) Reg Fee: $590, $300 residents & fellows 
Sponsor: The Bost Graduate Inst Contact: 
Jane Stark, Registrar, The Post Graduate Inst, 
New York Eye & Ear Infirmary, 310 E 14th St, 
New York 10003- (212'598-1430, 598-1313 


: UI RT! 


Degenerative Diseases of the Retina: Diagnosis, 
Prognosis & Treatment At: New York Date: 
3/21/81 Contact: Martha Klapp, Manhattan 
Eye, Ear, & Throat Hosp, 210 64th St, New 
York 10021; (212)605-3762 


Basic Microsurgery At: New York Date: 4/4/87 
Contact: Martha Klapp, Manhattan Eye, Ear, 
& Throat Hosp, 210 E 64th St, New York 10021; 
(212)605-3762 


NORTH CAROLINA 


North Carolina Clin Neuro-Ophthal Rev At: Cha- 
pel Hill Date: 4/9/87 Reg Fee: none Hrs Instr: 3 
Contact: Baird S. Grimson, MD, Univ of North 
Carolina at Chapel Hill, 617 Clin Sci Bldg, 
229H, Chapel Hill 27514 


Adv Vitreous Surg Course V At: Durham Dates: 
4/9/87 to 4/11/87 Contact: Carol Vilas, Duke 
Eye Ctr, Box 3802, Durham 27710; (919)684- 
6743 


OKLAHOMA 


Optic Nerve Course At: Oklahoma City Dates: 
3/26/87 to 3/21/81 Reg Fee: $150 Contact: 
Bradley K. Farris, MD, Dept of Ophthalmol, 
Dean A. McGee Eye Inst, 608 Stanton L. 
Young, Oklahoma City; (405)271-6463 


OREGON 


Northwest SEE & SKI Retina Symp At: Sunriver 
Dates: 1/22/87 to 1/24/87 Hrs Instr: 9 (category 
1) Reg Fee: $275 before 1/1/87, $300 thereafter 
Contact: Naomi Nelson, Conf Coordinator, 
Oregon Lions Sight & Hearing Inst, 1040 NW 
22nd, Second Floor, Portland 97210; (503)229- 
7972 


PENNSYLVANIA 


Gen Ophthalmol Update At: Philadelphia Date: 
2/28/87 Reg Fee: None Hrs Instr: 4 Contact: 
Carole Kanoff, Conf Coordinator, Dept of Oph- 
thalmol, Univ of Pennsylvania, Scheie Eye 
Inst, 51 N 39th St, Philadelphia 19104; 
(215)662-8677 


Retina & Vitreous Surg Update At: Philadelphia 
Date: 3/21/87 Reg Fee: None Hrs Instr: 4 
Contact: Carole Kanoff, Conf Coordinator, 
Dept of Ophthalmol, Univ of Pennsylvania, 
Scheie Eye Inst, 51 N 39th St, Philadelphia 
19104; (215)662-8677 


Clin & Basic Sci Rev in Ophthalmol At: Philadel- 
phia Dates: 3/31/87 to 4/4/87 Reg Fee: $450 
Hrs Instr: 41 Contact: Office of CME, School of 
Med/G-3, Univ of Pennsylvania, Philadelphia 
19104; (215)898-8005 


Twelfth Ann Ophthalmol Rev Course At: Phila- 
delphia Dates: 4/5/87 to 4/9/87 Hrs Instr: 41 
(category 1) Reg Fee: $500 practicing phys, 
$250 residents & fellows Course Dir: Peter J. 
Savino, MD Contact: Lucia M. Manes, CME, 
Wills Eye Hosp, Ninth & Walnut St, Philadel- 
phia 19107; (215)928-3378 


TENNESSEE 


Univ of Tennessee Residents-Alumni Day At: 
Memphis Date: 3/27/87 Reg Fee: None Con- 
tact: Roger L. Hiatt, MD, Dept of Ophthalmol, 
Univ of Tennessee, 956 Court Ave, Memphis 
38103 


Memphis Eye Convention Peabody Hotel At: 
Memphis Dates: 3/28/81 to 3/29/81 Sponsor: 
Memphis Soc of Ophthalmol Contact: Thomas 
C. Gettelfinger, MD, Dir, Memphis Eye Con- 
vention, 6485 Poplar Ave, Memphis 38119; 
(901)767-3937 

(Continued on p 146.) 


Wi Wills Eye Hospital 


Oculo-Plastic Service 
announces 


The Tenth Annual Course 


Oculo-Plastic Surgery for the Practicing Ophthalmologist 
March 20-21 -22, 1987 at The Cortina Inn, Killington, Vermont 


Edwarc H. Bedrossian, Jr., 
Program Chairman 

Mary A. Stefanyszyn, M.D. 
Program Co-Chairman 


Guest Speaker 


Orkan G. Stasior, M.D. 
Albany, New York 


Wills Eye Hospital Faculty 


Joseph C. Flanagan, M.D., Director 
Oculo-Plastic Service 


Ignatius S. Hneleski, Jr., M.D. 
Susan M. Hughes, M.D. 
John N. Negrey, Jr., M.D. 


Thaddeus S. Nowinski, M.D. 
John J. Siliquini, M.D. 
Christine L. Zolli, M.D. 


This course is designed to assist the practicing ophthalmologist in dealing with common 
oculoplastic procedures relating to the lids, the orbit and lacrimal system. 


Continuing Education Credits: 
AMA-CME 12 Credit Hours (Category l) 


Tuition Fee: $200.00 Practicing Physicians 
$100.00 Residents & Fellows 


Wills Eye Hospital 
Department of Continuing Medical Education 
9th & Walnut Streets, Philadelphia, PA 19107 


Further Information: 


Ms. Lucia M. Manes, Conference Coordinator 


215-928-5578 
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THIRTY-NINTH ANNUAL CONFERENCE 
WILLS EYE HOSPITAL 


SPONSORED BY THE WILLS EYE HOSPITAL SOCIETY OF EX-RESIDENTS 


APRIL 2-3-4, 1987 
ADAM'S MARK HOTEL 
PHILADELPHIA, PA 


OWEN BELMONT, M.D. 
Conference Chairman 


SYMPOSIA 


GLAUCOMA NEURO-OPHTHALMOLOGY CATARACTS 


JOSEPH CAPRIOLI, M.D. THOMAS BOSLEY, M.D. ROBERT C. DREWS, M.D. 
——  H. DUNBAR HOSKINS, M.D. SIMMONS LESSELL, M.D. ORAM R. KLINE, M.D. 
B. THOMAS HUTCHINSON, M.D. PETER J. SAVINO, M.D. STEPHEN LICHTENSTEIN, MD. 
GEORGE L. SPAETH, M.D. NORMAN J. SCHATZ, M.D. ROBERT H. OSHER, M.D. 
ROBERT SERGOTT, M.D. 
HENRY VANDYK, M.D. 


WORKSHOPS E 


Ambulatory Surgery Centers Intraocular Lenses Oculoplastic Surgery 
Cornea Malpractice Pediatrics 
Glaucoma Neuro-Ophthalmology Retina 


Allied Assistant s' Meeting Thursday, April 2, 1987 
Ultrasound Workshop Saturday, April 4, 1987 

Ophthalmic Nursing Meeting Friday, April 3, 1987 

Office Manager s' Meeting Saturday, April 4, 1987 


Spouse activity program, including tour of Society Hill and Luncheon, scheduled for Thursday, aW 
April 2, 1987. Brunch with Elaine Brumberg, author of the "Consumers Guide to Cosmetics" 
on Friday, April 3, 1987 at the hotel. 









REGISTRATION: 


Practicing Physicians $300.00 Allied Health Meeting 4/2/87 $65.00 
WEH Staff & Alumni $250.00 Ophthalmic Nursing Meeting 4/3/87 $65.00 
Retired Physicians $100.00 Office Managers' Meeting 4/4/87 $25.00 
sidents & Fellows $ 75.00 


This Continuing Medical Education activity is accredited for 16 Credit Hours in Category | of the AMA. 
Credits have been applied for the Allied Health and Ophthalmic Nursing Meetings. T 
For additional information contact Jeanne L. Kiska, Meeting Manager, at 1621 Norristown Road, Maple Glen, PA 19002. (215) 322-8950. 

\ 


\ 
\ 


E. 1 


e-go TTS ] | A : m I “y* dj 


The University of 
OKLAHOMA 


- Department of Ophthalmology 
and the Dean A. McGee Eye Institute 
present the 


OPTIC NERVE COURSE 


March 26-27, 1987 


Guest Faculty: 


fer 
J. Lawton Smith, M.D. 


Professor of 
Ophthalmobgy 
University of Miami 
Bascom Palmer Eye 
Institute 


John A. McC-arv, III, M.D. 
Associate Professor 
of Ophthalmology 


Baylor Colle2e of Medicine 


Cullen Eye stitute 


Fr 


< 
Robert L. Tomsak, M.D. 


Assistant Prefessor of 
Ophthalmology 

& Neurology. 

Case Westem Reserve 
University Sehool 

of Medicine 


John A. Costin, M.D. 
Adjunct Steff Member 
Cleveland Clinic 

r Foundatior 


Course Fee: $150.00 


Course a »proved for 10 hours CME credit. 


For inforrr ation contact: 


Course Cc-Ordinator 


Bradley K. Farris, M.D. 


Assistan” Professor 


The following clinical 
problems will be 
addressed: 


VISUAL LOSS 
WORK-UP 


OPTIC NEURITIS 


OPTIC NERVE & 
MACULAR 
DISEASE 


THE SWOLLEN 
DISC 


THE PALE DISC 


THE FUNNY 
LOOKING DISC 


THE CUPPED DISC 


THE WORK-UP FOR 
OPTIC NERVE 
DISEASE 


NEUROIMAGING IN 
OPTIC NERVE 
DISEASE 


TREATMENT & 
MANAGEMENT OF 
OPTIC NERVE 
DISEASE 





Department of Ophthalmology 


405/27 16463 


v Dean A. McGee Eye Institute 
E 608 Stanton L. Young 


Set Sail On the New Showboat For... 


THE INTERNATIONAL 
CONTACT LENS CONFERENCE'S 


"HOW TO" VIII CRUISE 


MAY 16 & 17, 1987 


An outstanding faculty will again present a 
practical and clinically oriented program at the 
beautiful new Showboat Hotel Casino* 
in Atlantic City, NJ. 


Robert Abel, M.D. Frank Holly, Ph.D. 


Wilmington. DE Lubbock, TX 

Mathea Allansmith, M.D. Lester Janoff, 0.D. 
Baston, MA Boston, MA 

Juan Arentsen, M.D. David Lamberts, M.D. 
Philadelphia, PA Lubbock, TX 


Jane Baldwin, C.0.A., Richard Lippman, 0.D. 
-C.L.S.A. Washington. DC 

Largo, FL : Robert Mandell, O.D., 
Louis Catania, O.D. Ph.D. 

Philadelphia, PA Berkeley, CA 


Richard Clompus, 0.D. Clarence McEachern, 0.D. 
West Chester, PA Columbia. SC 


John De Carle, O.D., Leroy Meshel, M.D. 
F.B.C.0. 


San Francisco, CA 


London. England Tonia Mortelliti, 0.D. E 
Miles Galin, M.D. New York, NY ES 
New York, NY Perry Rosenthal, M.D. ee 
Robert Gold, 0.D. Brookline, MA Mu 
Albany, NY William Sagan, 0.D. Um 
Theo Gumpelmayer, O.D., Mountain View, CA à 
Ph.D. Joseph Shovlin, O.D. 3 
inz, Austria Scranton, PA a 
Barton Halpern, M.D. Joel Silbert, 0.D. 5 
-ancaster. PA Philadelphia. PA 
Dean Hart, M.A. Richard Smith, M.D. 
New York. NY Albany. NY 
Richard Hill, 0.D., Ph.D. Joseph Soper, FC.L.S.A. 
Columbus. OH Houston, TX 
Topics Include: ES 
Management of the Contact Lens Failures e New Information on l 
the Management of GPC * Soft Contact Lens Complica- 
tions * Cosmetics and Contact Lenses * Contact Lenses and 
Related Diseases e RGP Modification « Extended-Extended 
Wea- * What's Brand New in Ophthalmic Surgery * Bifocal Con- 
tact Lenses ¢ The Environment, Contact Lenses and Ocular 
Changes * The Red Eye * Managing the Lipid Depositor e The 
Heal ng Cornea * Tear Substitutes + What's Brand New in Contact 
Lenses * Therapeutic Uses of Contact Lenses * The FDA and Your 
Practice e RGP-Extended Weare The Solution Dilem- 
ma * Unconventional Contact Lenses + Common Contact Lens 
Problems and Options to Correct Them ¢ RGP: Chemistry and Its 
Effect on Wear * Soft Torics e Acanthamoeba! * How to Design and 
Fit RGP _ Bitoric Contact Lenses «How to Fit the 
Unusual * Decisions on Keratoconus 
REGISTRATION FORM 
International Contact Lens Conference 
"How To" VIII — May 16 & 17, 1987 P 


FEE: $225.00 

Early Registration (before Jan. 31, 1987) $200.00 
Assistants: 1⁄2 fee according to date received 
Students and Residents: $15.00 (lunch not included) 


PLEASE PRINT 


NAME 
ADDRESS ————————————————— 
15 Am. "NS i UN o) S A O 


PHONE n ái 


Area Code 


Make checks payable to: 

International Contact Lens Conference - Attn: Bob Morrison 
PO. Box 1771, Harrisburg, PA 17105 717-233-8783 

Seminar to be held at Showboat Hotel Casino’, 

Atlanzic City, NJ. 

"Subject to approval of the New Jersey Casino Control Commission. 


FEES DO NOT INCLUDE HOTEL ACCOMMODATIONS. 





THE definitive reference work on impairment 
...now completely revised and updated! 


Guides to the Evaluation of Permanent 
Impairment is the most comprehensive, 
authoritative publication available on this 
important subject. It provides physicians, 
lawyers, persons in insurance and on 
workers' compensation boards and com- 
missions with valuable, step-by-step 
information for effectively rating and eval- 
uating a wide variety of impairments. 


In-depth analysis of 12 body systems 
Each chapter of the "Guides" explores a 
particular body system and gives exam- 
ples to assist you in your determinations. 
The information contained in each chapter 
represents a careful synthesis of current 
literature and the views of recognized au- 
thorities. Also included in this publication 
is a preface describing how to use the 
‘Guides’, an extensive glossary of ter- 
inology, and helpful charts. 


Order your copy of this valuable 
publication today! 

More ànd more professionals are using the 
"Guides" to accurately and effectively 
evaluate impairment and disability — in 
some states its use is mandatory. To order 
your copy, simply complete the coupon 
below. \ 







1A \ 


| Order Dept., OP 254 

| American Medical Association 

| P.O. Box 10946 

| Chicago, IL 60610 
Yes, send me Guides to the Eval- 

| uation of Permanent Impairment, 

| Second Edition, OP 254. 














Copies (v $27.50 
per copy” $ 
(Price Includes Postage and Handling) 
| Less 10% discount AMA 
| Members only $ 
Subtotal $ 
Sales Tax (IL, NY residents only) $ 
TOTAL $ 





| 

| Enclosed is my check payable to 
the American Medical Association 

| for $ 

| Payment must accompany order. 


| *For information on quantity discounts contact the 
AMA Order Dept. at the address above or call 
| Collect (312) 280-7168. 
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TEXAS 


Clin Adv in Ophthalmol for the Practicing Oph- 
thalmologist At: Houston Dates: 3/20/87 to 
3/22/87 Hrs Instr: 10 Contact: Vicki Forgac, 
Prgm Coordinator, Office of CME, Baylor Coll 
of Med, One Baylor Plaza, Houston 77030; 
(713)799-6020 


Dallas Spring Ophthalmol Symp At: Dallas 
Dates: 4/3/87 to 4/4/87 Contact: Lela Breck- 
enridge, Office of CME, Presbyterian Hosp of 
Dallas, 8200 Walnut Hill Lane, Dallas 75231; 
(214)696-8458 


UTAH 


Sixth Ann Park City Oculoplastic Mtg: Symp on 
Head, Orbital, & Ocular Trauma At: Park City 
Dates: 2/28/87 to 3/7/87 Reg Fee: $350, $50 
financial planning sem Contact: Darrell E. 
Wolfley, MD, LSU Eye Ctr, 2020 Gravier St, 
Suite B, New Orleans, LA 70112; (504)568- 
6700 


Univ of Utah’s Ann Clin Conf At: Salt Lake City 
Date: 3/27/87 Contact: Rebekah McClure, 
Dept of Ophthalmol, Univ of Utah Med Ctr, 50 
N Medical Dr, Salt Lake City 84132; (801)581- 
6384 


WASHINGTON 


Pacific Coast Oto-Ophthalmol Soc Ann Mtg At: 
Seattle Dates: 6/28/87 to 7/2/87 Papers: Oto- 
laryngol abstracts received by 1/1/87, manu- 
scripts for PCOOS Otolaryngol Res Award 
($500) received by 4/1/87 Contact: Mireya A. 
Jones, PCOOS Manager, 1613 Chelsea Rd, Suite 
229, San Marino, CA 91108; (818)799-8610 


FOREIGN 


E African Ophthalmic Plastic & Reconstructive 
Surg Symp At: Nairobi, Kenya Dates: 1/26/87 
to 1/27/87 Sponsors: Project Orbis, Internat] 
Eye Found, Eye & Ear Postgrad Inst, African 
Med & Res Found Contact: Stephen L. Bosni- 
ak, MD, 133 E 73rd St, New York, NY 10021 


Ophthalmol & Otolaryngology Combined Sem 
At: Acapulco, Mexico Dates: 1/24/87 to 1/31/87 
Reg Fee: $300 members, $350 nonmembers 
Contact: Jeanine Nee, Am Diopter & Decibel 
Soc, 3518 Fifth Ave, Pittsburgh, PA 15213; 
(412)682-6300 


Ophthalmology 1987: Problems & Solutions At: 
Puerto Rico Dates: 2/2/87 to 2/5/87 Hrs Instr: 
16 Sponsors: Massachusetts Eye & Ear Infir- 
mary, Harvard Med Sch Contact: Harvard 
Med Sch, CME, Boston, MA 02115; (617)732- 
1525 


Current Concepts in Ophthalmol At: Dorado 
Beach, Puerto Rico Dates: 2/22/87 to 3/1/87 
Hrs Instr: 30 Reg Fee: $450, $350 residents in 
training Course Dirs: Walter J. Stark, MD, 
Ronald G. Michels, MD Contact: Diane Hey- 
dinger, CME, The Johns Hopkins Med Inst, 
Turner 22, 720 Rutland Ave, Baltimore, MD 
21205; (301)955-6046 


Moorfields Prac Course in Macular Disorders At: 
Arosa, Switzerland Dates: 3/15/87 to 3/20/87 
Sponsors: Inst of Ophthalmol & Moorfields 
Eye Hosp Contact: Dean’s Office, Inst of Oph- 
thalmol, 17/25 Cayton St, London, England 
ECIV 9AT; 01-387-9621, ext 69 


Ann Virgin Islands Oculoplastic Symp At: St 
Thomas Dates: 1/31/87 to 2/7/87 Reg Fee: 
$350 Contact: Lawrence B. Katzen, MD, 2889 
Tenth Ave N, Lake Worth, FL 33461; (305)964- 
0707 
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Presbyterian 
Hospital of Dallas 


A Member of the Presbyterian Healthcare System 


DEPARTMENT OF OPHTHALMOLOGY 
Ninth Annual Dallas Spring 
Ophthalmology Symposium 

April 3-4, 1987 


FACULTY: 
D. Jecksoa Coteman, M.D. Bert M. Glaser, M.D. 


Joseph C. Flanagan, M.D. Travis A. Meredith, M.D. 


Richard K. Forster, M.D. 
TOPICS: 
e Posterior Segment Trauma 
e Anterior Segment Trauma 
è Injuries of the Lid and Orbit 


té 
LOCATION: 
Plaza of the Americas Hotel, Dallas, Texas 
PROGRAM DIRECTORS: 
William _. Hutton, M.D. William B. Snyder, M.D. 
REGISTRATION FEE: 
$259 — Practicing Physician (Before March 1, 1987) 
$2 5 — Practicing Physician (After March 1, 1987) 
$75 — Resident Physician/Fellow (Verification Required) 
CONTACT: 
Lela Breckenridge 
Office of Continuing Medical Education 
Presbyterian Hospital of Dallas 
8200 Walnut Hill Lane 
Dallas, Texas 75231 
" (214) 696-8458 


MANHATTAN 
EYE, EAR & THROAT 
HOSPITAL 


PRESENTS A POST-GRADUATE COURSE IN 
CONTACT B AND A SCAN 
DIAGNOSTIC ULTRASONOGRAPHY 


Friday and Saturday, 
February 13th & 14th, 1987 


Faculty: Richard D. Binkhorst, M.D. 
Nathaniel R. Bronson ll, M.D. 
Richard Dallow, M.D. 
Yale L. Fisher, M.D. 
John S. Kennerdell, M.D. 
Norman Pickering 
William F. Regan, M.D. 
Jeffrey Shakin, M.D. 
Mary E. Smith, B.A., R.D.M.S. 
Edwin M. Trayner, M.D. 


Available Equipment: 
Bausch & Lomb/Sonomed 
Biophysic Medical-Ophthascan 
Cooper Vision-Digital B/A 
Ocuscan (Coleman) 


For Information, Write: 
Yale L. Fisher, M.D., Course Director 
Manhattan Eye, Ear and Throat Hospital 
210 East 64th Street 
New York, N.Y. 10021 
212-605-3753 








THE EAGLE. 
AN ENDANGERED SPECIES? 


The Zagle, symbol of 
strength, homor, and character, 
personifies the vigor of 
Amerie. 

The Zagle Badge, symbol of, 
strength, homor, and character, 
represents the highest level of VS 
achievement in the Boy Scout 
moverrent. : 

Don-. let the best of Amey T 

~ become an eadangered spegi CF 
1 z »* 


BECOME A MEMBER OF THE NATIONAL BOY SCOUT 


ALUMNI FAMILY. — JOIN TODAY! 


Your-one-ycar, $10 membership entitles you to the 
Alumm Bulletin, the Annual Report, a membership 
-ard amd an attractive wall certificate suitable for 


Taming. 
a A three-year, $30 membership entitles you to a free 


Norman Rockwell print, as well as all of the benefits of 
f 


a one-year membership. 
Write today t« 
National Boy Scout Alumni Family 


1325 Walnut Hill Lane © Irving, Texas 75062 - 1296 





















UNIVERSITY OF 
MARYLAND 
CONTACT LENS 


S 


March 19-21, 1987 
at The Omni International, Baltimore, Maryland 


Barry M. Weiner, O.D., Course Director 
FACULTY 
R. Linsy Farris, M.D. Roy Rengstorff, O.D. 
Peter Halberg, M.D. Joseph Shovlin, O.D. 
Joshua Josephson, O.D. Steven Zantos, O.D. 
TOPICS 
Tears & Contact Lens Wear Developments in Hydrogel & : 
Gas Permeable Extended Wear 
Presbyopic Corrective Lenses Contact Lenses 


Fitting Post-radial Keratotomy / 
WORKSHOPS March 19, 1987 

Ridgid Lens Modification External Ocular Photogréphy 

Edward Bennett, O.D. Mr. Emery Billings 
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(301) 528-3966 
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If this looks to vou 


like a goose on roller skates, 


you could be going blind. 


No, theres nothing wrong with your vision. 

But there could be something wrong with vour eyes. 

You could have an eye disease serious enough to blind 
you, and not even know it. The leading cause of blindness in 
adults, glaucoma, has no symptoms in early stages. 

There is no cure. But there is hope. 

You can stop glaucoma from advancing (and many 
other eye diseases from happening in the first place) by 
seeing an eye doctor at least every two years. 

Remember, no one can save your sight but vou. 


National Society to Prevent Blindness 
Box 2020, Madison Square Station, New York, N.Y. 10159 
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e Designed with low haptic compression 
forces. 
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Improved centration through consistent — 
haptic relaxation. E 
" 
ti 
Provides ease of insertion with minimal " 
risk of haptic fracture. E. 
lá Pace-setting IOLAB technology 3 
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tant therapy 
sta-blockers. 


AIleRGIAN® 
eO 


Allergan Pharmaceuticals, Inc 
Irvine, CA 92713 
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In antibiotic therapy: 
THE FOCAL POINT 





(tobramycin 0.3%) 
ophthalmic solution and ointment 





Lhe most widely prescribed topical 
antibiotic among ophthalmologists 





TOBREX® (tobramycin 0.3%) 
OPHTHALMIC SOLUTION/OINTMENT 


DESCRIPTION: TOBREX® (tobramycin 0.3%) is a sterile 
topical ophthalmic solution prepared specifically for topical 
therapy of external infections. This product is-aiso supplied 
in an ointment form. ^- 

Each mi of solution contains: Tobramycin 0.3% 

3 mg/ml), Boric Acid, Sodium Sulfate, Sodium Chloride, 
loxapol, Sodium Hydroxide and/or Sulfuric Acid (to 
adjust pH), Purified Water, and Benzalkonium Chloride 
(0.01%) as a preservative. DM-00 

Each gram of ointment contains: Tobramycin 0.3% 

(o mp) Mineral Oil, Petrolatum Base, and Chiorobutanol 
0.5%) as a preservative. . DM-00 
Tobramycin is a water-soluble aminoglycoside antibiotic 

active against a wide variety of gram-negative and gram- 
positive ophthalmic pathogens. 

CLINICAL PHARMACOLOGY: /n Vitro Data: In vitro studies 
have demonstrated tobramycin is aetive against susceptible 
strains of the following microorganisms: 

Staphylococci, including S. aureas and S. epidermidis 
(coagulase-positive and coaguiase-negative), including 
penicillin-resistant strains. 

Streptococci, including some of the Group A — beta- 
hemolytic species, some nonhemolytic species, and some > 
Streptococcus pneumoniae. Pseudomonas aeruginosa, "e 
Escherichia coli, Klebsiella pneumoniae, Enterobacter 
aerogenes, Proteus mirabilis (indole-negative) and indole- 
p Proteus species. Haemophius influenzae and 

. aegyptius, Moraxella lacunata, and Acinetobacter calco- 
aceticus (Herellea vaginicoia) and some Neisserra species. 
Bacterial susceptibility studies demonstrate that in some 
cases microorganisms resistant to gentamicin retain sus- 
ceptibility to tobramycin. A significant bacterial population 
resistant to tobramycin has not yet emerged; however, bac- 
terial resistance may develop upon prolonged use. 


INDICATIONS AND USAGE: TOBREX :s a topical antibiotic 
indicated in the treatment of externai infections of the eye 
and its adnexa caused by susceptiblebacterig. Appropriate 
monitoring of bacterial response to topical antibiotic therapy 
should accompany the use of TOBREX. 


CONTRAINDICATIONS: TOBREX Ophthaimic Solution and 
Ointment are contraindicated in patients with kncwn hyper- 
sensitivity to any of their components. 


WARNINGS: Not for injection into the eye. Sensitivity to 

topically applied aminoglycosides may occur in some. 

sei if a sensitivity reaction to TOBREX occurs, discon- 
nue use. 


PRECAUTIONS: As with other antibiotic preparations, - 
prolonged use may result in overgrowth of nonsusceptible 7 
Organisms, including fungi. If superinfection occurs, appro- $- i 
prae therapy should be initiated. 

phthalmic ointments may retard corneal wound healing. 
Pregnancy Category B. Reproduction-studies in three types 
of animals at doses up to thirty-three times the normal 
human systemic dose have revealed no evidence of impaired 
fertility or harm to the fetus due to tobramycin. There are, 
however, no adequate and well-controlled studies in preg- 
nant women. Because animal studiesare not always 
predictive of human response, this drug should be used dur- 
ing pregnancy only if clearly needed. 
Nursing Mothers: Because of the potential for adverse reac- 
tions in nursing infants from TOBREX. a decision should be 
made whether to discontinue nursing-the infant or discon- 
tinue the drug, taking into account the importance of the 
drug to the mother. 


ADVERSE REACTIONS: The most frequent adverse reactions 
to TOBREX Ophthaimic Solution and Ointment are localized 
ocular toxicity and hypersensitivity, including lid itching and 
swelling, and conjunctival erythema. These reactions occur 
in less than three of 100 patients treated with TOBREX. Simi- 
lar reactions may occur with the topical use of other 
aminoglycoside antibiotics. Other adverse reactions have not 
been reported from TOBREX therapy; however, if topical! ocu- 
lar tobramycin is administered concomitantly with systemic esil 
aminoglycoside antibiotics, care shouid be taken :0 monitor 
the total serum concentration. 

in clinical trials, TOBREX Ophthalmic Ointment produced 
significantly fewer adverse reactions (8.7%) than did 
Garamycin Ophthalmic Ointment (10.8%). 


OVERDOSAGE: Clinically apparent sigas and symptoms of 
an overdose of TOBREX Ophthalmic Selution or Ointment 
(punctate keratitis, erythema, increasad lacrimation, edema 
and lid itching) may be similar to adverse reaction effects in 
some patients. 


DOSAGE AND ADMINISTRATION: Solution: In mild to 
moderate disease, instill one or two drops into the affected 
eye(s) every four hours. In severe infections, insti! two 
drops into the eye(s) hourly until improvement, following 
which treatment should be reduced pror to discortinuation. 

Ointment: In mild to moderate disease, apply a nalf-inch 
ribbon into the affected eye(s) two or three times per day. In 
severe infections, instill a half-inch ribbon into the affected 
eye(s) every three to four hours until improvement, foliowing 
which treatment should be reduced pror to discontinuation. 

Clinical studies have shown tobramycin to be safe and 
effective for use in children. 


HOW SUPPLIED: STERILE solution in Sm! Drop-Teiner* dis- 

penser (NDC 0065-0643-05), containing tobramycin 0.3% 

IN mg/ml) and STERILE ointment in 3.5g ophthalmic tube -— 
NDC 0065-0644-35), containing tobramycin 0.3% (3mg/g). 


© 1985 Alcon Laboratories Inc. 048532A 


Alcon 


Alcon Laboratories, Inc., Fort Worth, Texas 76134 
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DESCRIPTION: Maxzrol* is a multiple dose anti- 
infective steroid come ination in sterile suspension 
and sterile ointment orms for topical application. 
Each ml of solution (^r gram of ointment) contains 
the actives Dexamethasone 0.196, Neomycin Sulfate 
equivalent to Neomysin 3.5 mg, and Polymyxin B 
Sulfate 10,000 units. 


CONTRAINDICATIONS: Epithelial herpes simplex 
keratitis (dendritic keratitis), vaccinia, varicella, and 
many other viral diseases of the cornea and conjunc- 
tiva. Mycobacterial infection of the eye. Fungal 
diseases of ocular str»ctures. Hypersensitivity to a 
component of the medication. (Hypersensitivity to the 
antibiotic componen- occurs at a higher rate than for 
other components.) 

The use of these cembinations is always contraindi- 
I after uncompli-ated removal of a corneal foreign 
body. 


WARNINGS: NOT FCR INJECTION. Prolonged use 
may result in glaucoma, with damage to the optic 
nerve, defects in visual acuity and fields of vision, and 
posterior subcapsular cataract formation. Prolonged 
use may suppress the host response and thus increase 
the hazard of second&ry ocular infections. In those 
diseases causing thimming of the cornea or sclera, per- 
forations have been Snown to occur with the use of 
topical steroids. In asute purulent conditions of the 
eye, steroids may mask infection or enhance existing 
infection. If these pr»ducts are used for 10 days or 
longer, intraocular pessure should be routinely moni- 
tored even though itmay be difficult in children and 
uncooperative patiests, 
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Products containing neomycin sulfate may cause 
cutaneous sensitization. 

Employment of steroid medication in the treatment 
of herpes simplex requires great caution. 


PRECAUTIONS: The initial prescription and renewal 
of the medication order beyond 20 ml or 8 g should be 
made by a physician only after examination of the pa- 
tient with the aid of magnification, such as slit lamp 
biomicroscopy and, where appropriate, fluorescein 
staining. 

The possibility of persistent fungal infections of the 
cornea should be considered after prolonged steroid 
dosing. 


ADVERSE REACTIONS: Adverse reactions have 
occurred with steroid /anti-infective combination 
drugs which can be attributed to the steroid compo- 
nent, the anti-infective component, or the combina- 
tion. Exact incidence figures are not available since 
no denominator of treated patients is available. 
Reactions occurring most often from the presence 
of the anti-infective ingredient are allergic sensitiza- 
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tions. The reactions due to the steroid component are: 
elevation of intraocular pressure (IOP) with possible 
development of glaucoma, and infrequent optic nerve 
damage; posterior subcapsular cataract formation; 
and delayed wound healing. 


Secondary Infection: The development of secondary 
infection has occurred after use of combinations con- 
taining steroids and antimicrobials. Fungal infections 
of the cornea are particularly prone to develop coinci- 
dentally with long-term applications of steroid. The 
possibility of fungal invasion must be considered in 
any persistent corneal ulceration where steroid treat- 
ment has been used. 

Secondary bacterial ocular infection following 
suppression of host resp Irs. 


© 1985 Alcon Laborlitorjes lnc. 048561 
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Move Into The Future With 
Bausch & Lomb 

Fitting extended wear lenses is an excel- 
lent way to keep you r practice growing. 
But to deal effectively with the require- 
ments of extended wear, you need an 
approach with the dimensions of the 
Bausch & Lomb system for extended 
wear. With the addition of our BAUSCH 
& LOMB B&L 58" (etafilcon A) Contact 
Lens, we have a comple te si stem to 
meet the most specific of patient needs 
and doctor preferences. It has three 
dimensions—low-water, mid-water and 


high-water lenses. An d, it its supported by 


the Em fourth dit 
management tha 
by Bausch 5 Lomb 1 
practice. 


nension of patient 


the right fit for your 


See Pack: age Inserts and Lepage Fitting Guides for more important Wiloririasion: 
5, B&L 70 and FRESH LENS are trademarks or service marks of Bausch & Lomb Incorporated. 


BAUSCH & MB, O5, O4, B&L ' 


t makes extended wear 
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Three Lenses Maximize Your 
Options For Appropriate Patients 
Our widely prescribed low-water 
03°/O4® lens series* features a thin 
spincast design for exceptional comfort. 


And to add an extra dimension of oppor- 


tunity to your practice, it’s also available 
in four iris-enhancing shades. 


The BAUSCH & LOMB B&L 70€ 


(lidofilcon A) Contact Lens is a high-water 


lens with outstanding durability manu- 
factured by computer-aut .omated lathes. 
And the B&L 58? the latest addition to 
our system of lenses, is a niente lens 
with an expansive range of parameters 
for precision fitting. 

The Bausch & Lomb system features a 
choice of materials, designs and manu- 
facturing techniques to maximize your 
fitting success. 


" 5otlens? (polymacon) Contact Lens 


©1986 Bausch & Lomb Incorporated All Rights Reserved Worldwide 
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The Fourth Dimension 

Involves You 

Our extended wear system contains a 
fourth dimension—a systen He > p you 
with patient en and control. 
Through a variety of programs, such as 
the BAUSCH & OMB FRES H | ENS?" 
Pro-Care System, a patient compliance 
video, our extended wear ç atis act 
sheet and the patient nstruction card. 
we are working with you to assure 


patient sati ‘efor tion for the extended 
wear O dec contact lenses 

In the continental U.S.. call 

800 -828-9030 to fin Bend nore adout 


the Bausch & Lomb system for ext p 
wear. In New York State. 800-462-1720 
in Alaska and Hawaii. 800- 828. 629]. 


The Bausch & Lomb System For 
Extended Wear—The Intelligent 
Choices For Success. 





T'S TIME 
TO GET OUT 
| OF THE DARK. 
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Open your eyes and see just how many 
subjects are covered in the new edition of 
the Consumer information Catalog. It's 
free just for the asking and so are nearly 
half of the 200 federal publications de- 
scribed inside. Booklets on subjects like 
financia! and career planning; eating right, 
exercising, and staying healthy; housing 
and child care; federal benefit programs. 
Just about everything you would need to 
know. Write today. We'll send you the 
latest ecition of the Consumer Information 
Catalog. which is updated and published 
quarterly. It'll be a great help, youll see. 
Just write: 







iw 


Ww Consumer Information Center 
Department TD 
Pueblo, Colorado 81009 


A public service of this publication 
and the Consumer Information Center of the 
U.S. General Services Administration. 











Pred Forte? 


(prednisolone acetate) 1.0% 
sterile ophthalmic suspension 
The Corticosteroid of Choice... For Over a Decade! 


DESCRIPTION 

Prednisolone acetate is a synthetic corticosteroid. It is a white 
crystalline substance with a melting point at about 235°C with 
some decomposition and an empirical formula of C,,H,,O,. It has 
a characteristic ultraviolet absorption maximum at 242 milli- 
microns in methanol. 


Contains: 

prednisolone acetate (microfine suspension) ......... 1.0% 
with: benzalkonium chloride, polysorbate 80, boric acid, sodium 
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OPHTHALMOLOGY 


Marshfield Clinic, a multispecialty 
private group practice of 250 phy- 
sicians in Central Wisconsin, is 
seeking a Fellow trained Pediatric 
Ophthalmologist to join its expand- 
ing 8 member Ophthalmology 
Department in a challenging medi- 
cal center referral practice. The 
Department currently consists of a 
Retinal Surgeon, Glaucoma Special- 
ist, Cornea/External Disease /Ocu- 
loplastic Specialist, three General 
Ophthalmologists and two Optome- 
trists. This is primarily a clinical 
position but opportunities for 
teaching and research also exist. 
Please send curriculum vitae to: 
John P. Folz, Director 
Patient Services 
Marshfield Clinic 
Marshfield, WI, 54449 
or call collect at (715) 387-5181 
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DON'T SMOKE! 


Here are three good reasons to quit 
smoking now: 

1 Smoking retards the growth of 
your baby. 

2 Smoking increases infant mortality. 
3 Your family needs a healthy mother. 


Don' smoke. 
For your baby’s sake. 
And yours. 
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Instructions for Authors 


Note: Please read these instructions carefully—technical defi- 
ciencies must be -orrected before manuscripts can be reviewed. 

Send manuscrits to the Editor, Morton F. Goldberg, MD, Univer- 
sity of Illinois Ey» and Ear Infirmary, 1855 W Taylor St, Chicago, IL 
60612; (312) 996-2327. Manuscripts are received with the under- 
standing that they have not previously been published anywhere in 
any language ard are not under simultaneous consideration by 
another publicatwon. Accepted manuscripts become the permanent 
property of the ARCHIVES and may not be published elsewhere 
without permiss>n from the publisher (AMA). After initial publi- 
cation, certain acticles will appear in translation in the Spanish- 
language edition 

A manuseripteshould not list more than six authors. The text 
should, in general, not exceed 14 typewritten pages. 

Transmittal letxers to the editor must contain the following language: 
“In considerationeof the American Medical Association’s taking action 
in reviewing and editing my submission, the author(s) undersigned hereby 
transfers, assigns or otherwise conveys all copyright ownership to the 
AMA in the eveat that such work is published by the AMA.” This 
statement must be signed by a// authors listed before it can be sent out 
for review. We regret that transmittal letters not containing the 
foregoing language signed by all authors of the submission will 
necessitate delayan the review of the manuscript. 

In case the work was done by a federal employee, each author 
must include a igned statement that the work reported was done 
while he or she was employed by the federal government. 

Author Respossibility.—A]l accepted manuscripts are subject to 
copy editing. Tae author will receive an edited typescript rather 
than galley preofs for approval. The author is responsible for all 
statements in this work, including changes made by the copy 
editor. Designzte one author as correspondent and provide his 
address and texephone number. 

Manuscript P-eparation.—Submit an original typescript and two 
high-quality cepies. All copy (including references, legends, and 
tables) must be typed double-spaced on 21.6 x 27.9-cm (8% X 11- 
in) paper. Marzins of at least 2.5 cm (1 in) must be provided. If a 
word processo is used, do not justify the right margin. 

Titles.— "itles should be short, specific, and clear and typed on a 
special page. They should not exceed 42 characters per line, 
including punetuation and spaces, and be limited to two lines, if 
possible. The title page should include the first name, middle 
initial, and last name of all authors with their highest academic 
degree ane prefessional affiliation of all authors and city location. 
It should alsc include the address (if different from the senior 
author's) to which requests for reprints should be sent. 

Informed Comsent.— Manuscripts reporting the results of experi- 
mental invest zations of human subjects must include a statement 
to the effect that legal requirements governing consent were 
met. 

Refer to p=tients by number, eg, patient 1 (or, in anecdotal 
reports, by fietitious given names). 

Proprietary Statement.—If the article discusses in any way a 
device, equipment, an instrument, or a drug, the author(s) must 
state in a foomote whether they do or do not have any commercial 
or proprietar- interest in the product. Likewise, they must reveal 
whether they have any financial interest as a consultant, review- 
er, or evaluasor. In addition, authors must disclose any financial 
interest owned by a spouse, minor child, blood relative living in 
the same hovsehold, or known to be held by the author's employer 
or partner. 

Abstract.— Provide an abstract (135-word maximum) of the 
article, inclucling statements of the problem, method of study, 
results, 3nd conclusions. The abstract should be specific and 
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sufficiently complete to allow the reader a quiek evaluation of the 
paper. Do not include a “summary” section in the main manu- 
script. 

References.—List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations 
should be to the original number. All references must be cited in 
the text or tables. Unpublished data and personal communications 
should not be listed as references but as a footnote. References to 
journal articles should include (1) author(s) (if more than three, 
write “et al” after the third name), (2) title, (3) journal name (as 
abbreviated in Index Medicus), (4) year, (5) volume number, and 
(6) inclusive page numbers, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) editors (if 
any), (4) title of book, (5) city of publication, (6) publisher, (7) year, 
and (8) page, if indicated. 

Metrication (and SI Units).— All measurements must be in metric 
units, with Systeme International (SI) equivalents given paren- 
thetically, in accordance with AMA policy. (Exceptiens are visual 
acuity measurements and intraocular pressure recordings.) 

Illustrations.—Use only those illustrations that clarify and aug- 
ment the text. More than ten illustrations per manuscript would 
have to be justified. Submit illustrations in triplicate, unmounted 
and untrimmed. Do not send original artwork. Send high-contrast 
glossy prints. Figure number, name of senior author, and arrow 
indicating “top” should be typed on a gummed label and affixed to 
the back of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publication may 
be relettered to achieve uniformity of lettering style throughout 
the journal. Magnification and stain should be provided when 
pertinent. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. Please submit one set of positive transparencies (35 
mm slides) and two sets of color prints. The ARCHIVES will pay 
part of the expense of reproduction and printing color illustra- 





























PLEASE Note: Most COMMON ERRORS TO AVOID 
FOR BOTH ORIGINAL ARTICLES AND LETTERS TO THE EDITOR 
(SECRETARY’S CHECKLIST) 

— (1) Failure to send original typed manuscripts plus two 

copies. 

— (2) Failure to double-space entire manuscript (abstract, 
references, legends, and tables). 

— (3) References not in proper format, not in numerical 
order, or not cited in text. 

— (4) Use of 1%-spacing rather than double-spacing. Do 
not justify right margins. 

— (5) Failure to send three sets of illustrations/photo- 
graphs or original color slides. 

— (6) Title too long. 

— (1) Failure to label abstract or to provide abstract (not 
needed for letters to the editor). 

— (8) Incomplete or improper consent forms for patient 
photographs; improper or incomplete legends. 

— (9) Failure to include copyright transmittal form 
(needed for both original articles and letters to the 
editor). 

— (10) Failure to include all authors' personal signatures 
on copyright transmittal form. 

— (11) Failure to designate the corresponding author and 
provide phone number and address. 

— (12) Failure to include consent forms for illustrations 

previously published elsewhere. 
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tions, the remainder to be borne by the author. After deducting 
the ARCHIVES' contribution, the author's share is $400 for up to six 
square-finished illustrations that can be arranged on a one-page 
layout. Any additional illustrations or special effects will be billed 
to the author at cost. 

Legends.—Legends must be typed double-spaced, beginning on a 
separate sheet of paper. Length should be limited to a maximum 
of 40 words and should allow the illustration to be fully under- 
standable without recourse to the text. Use arrows, letters, etc, for 
enhanced understanding. 

Authorized Use of Photographs.— Recognizable photographs may 
be taken and published only if specifically consented to by the 
patient. To facilitate proof, the consent should be in writing. Any 
restrictions or limitations on the consent must be strictly 
observed; eg, eyes are blocked out only as a condition of consent. 
Consent forms must include a specific statement that photographs 
and information related to a case may be published either 
separately or in connection with each other, in professional 
journals or medical books, provided that it is specifically under- 
stood that the patient shall not be identified by name. Parental 
consent for publication of photographs and information related to 
the case must include signature of both living parents. Consent 
releases for minors without living parents must be signed by the 
legally appointed guardian. Submit consent forms with the manu- 
script. 

Acknowledgments.— Illustrations from other publications must 
be acknowledged. Include the following when applicable: 
author(s), title of article, title of journal or book, volume number, 
page(s), month, and year. The publisher's permission to reprint 
must accompany the manuscript. 

Statistical Consultation. — We recommend that statistical consul- 
tation be obtained as early as possible for studies with statistical 
content. The name and affiliation of the statistical consultant (if 
different from the author[s]) should be included. 

Tables.— Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 X 27.9-cm (8% X 11-in) 
paper. Do not use larger paper. If a table must be continued, use a 
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second sheet and repeat all heads and stubs. Each table must have 
a title. 

Photo Essay.—Manuscripts for this section should emphasize 
the visual aspects of the subject presented. The p cture(s) should 
be of high quality and should be self-explanatcry. The photo- 
graphs can be of clinical entities, laboratory studies and findings 
(eg, smears, histologic sections), diagnostic techniques (roentgen- 
ograms, computed tomographic scans, magnetic resonance image, 
ultrasound, etc), therapeutic procedures, or a combination. A 
concise essay, limited to 250 words, describing the clinical or 
laboratory information, photograph(s), and a brief list of refer- 
ences (five or less), if pertinent, should be submitted in triplicate. 
Articles will be limited to one to two printed »ages, and all 
material must fit into this format. Refer to the general “Instruc- 
tions for Authors” for other requirements. 

Correspondence and Case Reports.—Contributions to this section 
may include comments on articles published in the ARCHIVEs, 
informative case reports, or other matters of ophthalmic interest. 
Such letters are subject to editorial review and will be published 
as space and editorial priorities permit. Published letters will be 
listed by author and title in the table of contents, ard authors and 
subjects are indexed by the major indexing services. Letters to the 
editor and Case Reports ordinarily should not exceed 500 words in 
length. There should be a maximum of three recerences. Two 
figures or one figure plus one table can be printed. The typescript 
should be double-spaced with a ragged right hand margin and 
submitted in triplicate. A copyright transmittal letter signed by 
all authors must accompany the letter. Please refe- to “Instruc- 
tions for Authors” for additional requirements. 

Reprints.— Reprints can be ordered at the time the typescript is 
returned after editorial processing. 

AMA Manual for Authors & Editors.—This 1981 edition, formerly 
the Stylebook/Editorial Manual of the AMA, is available from 
Lange Medical Publications, Drawer L, Los Altos, CA 94023. 
Single copy price: $13. Discounts are 10% for three to five copies 
and 15% for six or more copies. A shipping charge is added on all 
orders. 


From the Archives of the Archives 


Books wewe never read, but would have liked to 


THE SPRINGTIME OF PHysICK, BEING A DIVERTING OUTLINE OF MEDI- 
CINE AND SURGERY. By Dr. LAURANCE D. REDWAY. Cloth. 
Price, $2. Pp. 68. New York: Int. J. of Surg. Co., 1928. 


There have been few men actively engaged in the practice of 
medicine who were also first rate humorists. This is especially 
true of ophthalmologists, because about nine tenths of their time 
is engaged in examinations like the following: 

Doctor.—'*Well, madam, why have you come to consult me this 
morning?” 

Patient.—“My eyes." 

D.—“Yes, madam, you know I do nothing but eye work, so it 
would naturally be your eyes. What is your complaint?” 

P.—“No complaint, just my eyes.” 

D.—“But what trouble are you having with your eyes?” 

P.—“No trouble. I want them examined.” 

D.—“But, madam, there must be some reason why you wish to 
have them examined—some symptoms.” 

P.—“Ten years ago a physician told me—” 

D.— "Madam, I am not interested in what was told you ten years 
ago. What is your complaint now?" 

P.—"Well, when I was a young girl, I got glasses at a depart- 
ment store—" 

D.—"Never mind that, madam. Why do you come to me 
today?" 

P.—"I couldn't come yesterday." 
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D.—“Oh well, never mind. Do you see that card across the 
room? Please read the smallest line of letters on that card that 
you can read." 

P.—"But I can't read the smallest." 

D. (Weakly)—"T didn't ask you to read the smallest, but the 
smallest that you can read." 

P.—“But I can't read the smallest.” 

D. (Weakly)—“Madam, I give up. It takes just about half a day 
to read the entire card, and it isn’t at all necessary, but I am going 
to cover your left eye with this card and ask you to look at the card 
across the room. Begin with the large letter ‘E’ at the top and read 
the entire card from top to bottom." 

P.—"With my left eye?" 

Under such conditions, how is it possible for any eye man to 
write a really humorous book? Yet Dr. Redway, who is an 
ophthalmologist, has done just that. It is doubtful that his 
patients are of a higher order than those inflicted on the ordinary 
ophthalmologist. (Dr. Redway is attending ophthalmologist at 
Sing Sing Prison, Ossining, New York.) "The Springtime of 
Physick" is an excellent "take off" on the writings of Aesculapius, 

Hippocrates and Galen. Its humor is original and celightfully 


subtle. There are sixty-nine pages, comprising nine cha»ters and a 
"Vermiform Appendix." 


(SOURCE: Book Reviews 
Arch Ophthalmol 1929;1:302.) 


Edited by Jean Schaffner, Editorial Assistant. 
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Marco's new Model -G slit lamp is truly 
a good thing made even better. 

What Marco has done is taken the high 
quality diagnostic features of the Marco V. slit 
lamp and embellished them with three 
important new features: 

f ^new microscope head with parallel optics. 
f ^nimproved magnification system with a 
new revolving drum that allows a selection of 
five powers from 7x to 45x. 

An even easier adaptability for photographic 
purposes. 

Marco still produces its popular Model V.. 
But for those with increased demands, the 
Model V -G offers more power, additional 
clarity and a greater depth of field — all without 
changing the eyepieces. 

The Marco IL-G can also be used for 
documentation with the simple addition of a 
Marco photo kit with an in-out beam splitter and 
the photo equipment of your choice — video, 
Polaroid or 35mm camera. An assistantscope is 
also available. 

Test the Marco -G for yourself before you 
order any other slit lamp. Write or call Marco 
today for the name of your nearest distributor. 





Marco Equipment, Inc. 

11825 Central Parkway; P.O. Box 16938 
Jacksonville, Florida 32245-6938 

(904) 642-9330 

Nationwide Toll-free: 1(800) 874-5274 
Florida Toll-free: 1(800) 227-0084 
Telex: 751172 
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are other advantages to the Fresh Lens Program besides the regular supervision of 
patients and promotion of eye health. There is better patient compliance. It is a recall 
system. The total fee is prepaid. There are fewer ‘no charge’ problem visits. I like it.” 


Jan H. Nyboer, M.D., Anchorage, Alaska 














“In my practice, Ihave found that patients appreciate the Fresh Lens Program 

because they have greater comfort and fewer problems with their lenses. . _It[the 

Fresh Lens Progra m] seems to help control some troublesome problems experienced 

by patients. Having a large number of very happy contact lens wearers is going to be 

a long-term benefit to my practice... I tell my patients that, with the Fresh Lens 

a Program, they will be more comfortable and they will have new lenses more 
frequently at a lower cost per lens.” 


T. P. Wood, M.D., Dallas, Texas 


"Planned replacement of contact lenses helps maintain good vision and healthy 
corneas. With the Fresh Lens Program, patient compliance is improved because the 
patient schedules office visits to receive new lenses. Continued follow-up minimizes the 
potential for losing patients. And, Fresh Lens has prompted many new patient 
inquiries and referrals." 
Matthew J. Marano, Jr., M.D., Roseland, New Jersey 
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Contributions to this section may include comments on articles 
published in the ARCHIVES or other matters of ophthalmic inter- 
est. Such letters are subject to editorial review and will be pub- 
lished as space and editorial priorities permit. Published letters 
will be listed by author and title in the table of contents, and au- 
thors and subjects are indexed by the major indexing services. 

Letters to the editor ordinarily do not exceed 500 words in 
length. There should be a maximum of three references. Two fig- 
ures or one figure plus one table can be printed. 

The typescript should be double-spaced with a ragged right 
hand margin and submitted in triplicate. A copyright transmit- 
tal letter signed by all authors must accompany the letter. Please 
refer to “Instructions for Authors” for additional requirements. 


Survival of Patients With Cataract 


To the Editor.—Reviewing the literature on the survival of 
patients with cataract, Hirsch and Schwartz! found that 
previously published reports on the subject yielded “con- 
flicting conclusions.” They explained the difference by the 
fact that in previous studies survival of patients with 
cataract was compared with that of the general popula- 
tion. Hirsch and Schwartz! instead created a reference 
group of subjects and concluded that patients who were 50 
years of age or older when undergoing cataract extraction 
had nearly twice the mortality of the reference patients, 
after the data had been stratified according to age and 
sex. 

However, even their approach does not seem to be 
methodologically correct, since the control group consisted 
of patients operated on for different conditions, some of 
which (eg, cholecystopathy, hemorrhoids, and varicose 
veins) were related to occupation, obesity, and other 
factors, which makes any comparison rather obscure. 

For this reason we created two control groups consisting 
of siblings and spouses, respectively. Our results? clearly 
indicated that patients with cataract lived longer than the 
controls. This was demonstrated by comparing the 
patients with the population of their native area, as well as 
with individually matched controls (the relative risk for 
siblings as controls was 0.44, with a 95% upper confidence 
limit of 0.82, and a McNemar test result of 6.61; P < .05). 

Furthermore, the ratio of the weighted age- and sex- 
specific mortalities, at least to 74 years of age, was 
somewhat below unity (0.51) for the patients compared 
with their spouses and siblings, while the discriminant 
analysis (Z.R., D.C., J.M., A.V., P.H.-S., unpublished data, 
1986) pointed out that patients with cataract were more 
likely to be alive after an average of six years. 

Our data do not conflict with the idea'? that senile 
cataracts, being an effect of aging, reflect general systemic 
changes in the body that are expected to influence the 
survival. These phenomena might be masked in our popu- 
lation for two reasons: (1) the complete medical examina- 
tion preceding the cataract surgery helped in the detection 
and earlier treatment of many disorders; (2) patients with 
cataract, having been accepted by the family as ill, are 
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protected from many stressful situations and unpleasant 
life events and the problems are dealt with by “amily 
members who often live in the same household. 

Thus, the difference between the results of the study by 
Hirsch and Schwartz' and our own findings might be 
attributed to the choice of control groups, but they may 
well be a result of social and cultural factors influencing 
the survival in various settings (eg, uses and needs of 
health services or relation to a patient with cataract). 

ZORAN RADOVANOVIC, MD 

DoBROSAV CVETKOVIC, MD 

JELENA MARINKOVIC, PHD 
ANDJELKA VELIMIROVIC, MD 
PARASKEVA HENTOVA-SENCANIO, MD 
Belgrade, Yugoslavia 


1. Hirsch RP, Schwartz B: Increased mortality among elderly patients 
undergoing cataract extraction. Arch Ophthalmol 1983;101:1034-103z. 

2. Cvetković D, Radovanović Z, Hentova-Senéanié P, et al: Lebenserwar- 
tung nach Altersstaroperation. Fortschr Ophthalmol 1985;82:231-232. 

3. Weale RA: The effects of the aging lens on vision, in Elliot K, 
Fitzsimmons DW (eds): The Human Lens in Relation to Cataract. Assens, 
the Netherlands, Van Goecum, 1973, pp 5-20. 


In Reply.—We agree with Radvanovié et al that the choice 
of a reference group is of critical importance in epidemio- 
logie studies such as the one we reported in 1983! ard the 
one more recently published by Cvetković et al? In choos- 
ing a reference group with which to compare survival of 
persons who have undergone cataract extracton, we recog- 
nized that the hypothesis of interest to us was that 
“cataracts result from systemic processes that are associ- 
ated with aging" and that such an association should be 
reflected in survival. To test that hypothesis, “we searched 
for a reference group that would provide comparabil ty in 
factors influencing mortality" to avoid selection b:ases. 
Comparison with the general population was considered 
inadequate because persons undergoing cataract extrac- 
tion at the New England Medical Center, Boston, are likely 
to differ from that potential comparison group in a 
number of ways that are expected to influence mortality 
(eg, socioeconomic status and access to medical care). 
Probably more important is the observation that persons 
electing any type of surgery such as cataract extraction are 
those members of the general population who are likely to 
be in no immediate danger of dying. For these reasons, we 
chose persons electing other types of surgery as our 
reference group rather than comparing survival witk the 
general population. 

In the study reported by Cvetković et al; two reference 
groups (other than the general population) were selected 
for comparison: siblings and spouses of cataract extraetion 
patients. To evaluate those reference groups, we must 
determine the characteristics for which these subjects 
"control." 

Sibling reference groups are usually chosen to prcvide 
genetic similarity with the group of interest. Providing 
genetic similarity in this case could only make the obser- 
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vation of an accelerated rate of aging among patients with 
cataract difficult, for a sibling is likely to have a physio- 
logic aging rate similar to that of the patient, even though 
the sibling has not yet undergone cataract extraction. 
Other determinants of mortality, such as socioeconomic 
status, aecess to and utilization of medical care, age, and 
sex, are not necessarily comparable among patients and 
their siblings. Therefore, it is difficult to appreciate the 
function of a sibling reference group in this application. 

Spouse reference groups are usually chosen to provide 
environmental similarity with the group of interest. This 
is probably more justified than the sibling control group, 
but we must keep in mind that the spouse reference group 
is predominantly male (since the cataract group is predom- 
inantly female) and controls are probably older than the 
patients. We would expect, therefore, to observe a higher 
mortality in the reference group than in the cataract 
extraction group even if the development of cataracts were 
not associated with mortality. Furthermore, use of a 
spouse reference group does not provide comparability as 
far as general health status is concerned (as does election 
of a surgical procedure). 

In their 1985 report, Cvetkovié et al? provided two types 
of analyses of their results: (1) unstratified and (2) strati- 
fied by age (five-year groups) and sex. Cvetkovié et al 
reported significantly lower mortality in the sibling refer- 
ence group, but not in the spouse reference group from 
their unstratified analyses. The results of those analyses 
are difficult to interpret since there is reason to believe 
patients and referents differed at least as to age and sex. 
In the second type of analysis, stratified by age and sex, 
the length of follow-up was taken into account. This is 
commonly considered to be a more appropriate treatment 
of data of this sort? Although it is not clear exactly what 
data were considered here (the number of deaths reported 
did not match either of the unstratified analyses or their 
combination), no statistically significant association with 
mortality was observed. It seems likely that controlling for 
genetic difference (in the sibling group) and failing to 
control for other important characteristics such as the 
general state-of health at the beginning of the follow-up (in 
the general population and both reference groups) prevent- 
ed these researchers from observing excess mortality 
among their patients who underwent cataract extraction, 
if such an excess exists. 

Finally, we would like to point out that our observation 
of a higher mortality among persons with senile lens 
opacities has been repeated by Podgor et al^ while investi- 
gating the Framingham Eye Study cohort. Because there 
was complete ascertainment of cataract status, selection of 
a reference group was not an issue in that study. It seems 
likely, therefore, that our original observation is that of a 
true relationship between the development of cataracts 
and mortality rather than, as has been suggested by 
Radvanovié et al, a function of our choice of a reference 
group. 

RonERT P. HinscH, PHD 
Bethesda, Md 


BERNARD SCHWARTZ, MD, PHD 
Boston 
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Myopia and Medical School 


To the Editor. —We read with amusement the letter by Drs 
Shulkin and Bari! in the September issue of the ARCHIVES 
concerning deteriorating vision as a risk of attending 
medical school. Their argument seems to boil down to: 
medical students tend to do a lot of reading: a lot of 
reading tends to cause myopia (sic?); therefore, medical 
students tend to become myopic. Having been myopic and 
medical students, we really favor the following sequence: 
myopes like to do a lot of reading; medical students do a lot 
of reading; therefore myopes tend to become medical 
students. However, you may prefer this sequence: myopes 
tend to have a higher IQ than the general population; so do 
medical students; therefore myopes tend to become medi- 
cal students (or vice versa, if you like). 
A course in logic is sometimes preferable to one in 

statistics. 

I. ALLEN CHIRLS, MD 

JoHN W. Norris, MD 

Kearny, NJ 


1. Shulkin DJ, Bari MM: Deteriorating vision Arch Ophthalmol 
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Ophthalmology in the 21st Century 


To the Editor.—I am a retired ophthalmologist as well as 
an occasional patient. I found Dr Paton’s' recent essay 
appalling. No soft words, such as sympathy, kindness, or 
professional ethics, occur. Even the word patients hardly 
appeared except as the necessary component of other 
concepts, such as efficiency, high-volume surgeons, money, 
flow patterns, and replication of centers. Dr Paton is 
partially right—2lst century ophthalmology is already 
here but in an early and unpleasant form. A startling 
insight is that the Big Brother of 1984 is us. 

“High-volume surgeons” and other high-volume oph- 
thalmologists will find more time to increase their produc- 
tiveness when Dr Paton’s suggestion is adopted that 250 
residents be trained each year instead of the present 500. 

Dr Paton is duly regretful, but he is sternly willing to lay 
it on the line. Those ophthalmologists who do not seize the 
moment (“find a satisfactory provision system") may have 
to find employment with a health maintenance organiza- 
tion, the government, or corporate medicine. A worse fate 
will befall those who become “primary eye care providers” 
and “lose professional motivation.” But all is not lost. 
Many will find “high-volume surgical practices” abroad. 

Although Dr Paton states that hospitals are white 
elephants for routine ophthalmologic practice, he concedes 
their usefulness in the occasional problem case in which a 
dowdy ophthalmologist with “low patient volume” will 
have the time to study the case while presumably biting 
his nails in contemplation of his colleagues with a high 
volume of patients. 

One wishes that Dr Paton could write another essay 
combining a consideration of the real problems faced by 
ophthalmologists together with the overwhelming impor- 
tance of retaining the immemorial patient-physician rela- 
tionship no matter what happens. 

VICTOR GOODSIDE, MD 
Mt Vernon, NY 


1. Paton D: Preparations for eye care in the 21st century. Arch Ophthal- 
mol 1986;43:1290-1293. 


In Reply.—Dr Goodside’s letter initially bothered me as 
much as my article must have annoyed him. My first 
reaction was that his emphasis on patient-physician rela- 
tionship and professional ethics was a holier-than-thou 
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subterfuge to fight an alternative provision system for 
health care, which is different from his own practice 
habits. Then I remembered that when I wrote the article I 
decided to assume that "sympathy," "kindness," and all 
professionalisms were givens in any acceptable equation 
that will provide a solution for optimal and affordable eye 
care in future decades. 

The reader had no way to look into my head to under- 
stand better why I attempted through a corporate venture 
to seek a system for high-volume eye care that under 
present systems of reimbursement could bring riches to 
the participating ophthalmologists. Furthermore, as he 
read my article, Dr Goodside interpreted my suggestion 
that there should be fewer ophthalmologists in the future 
as meaning that the high-volume practitioners could then 
get even more of the eye care for themselves. The dedica- 
tion of two years of my professional life to working on a 
system of replicated eye care centers for high patient 
volume and technology-intense services came from a deep 
conviction that ophthalmology itself must come up with a 
viable alternative to the present system of most eye 
care—for the present system is unaffordable. The fact that 
some physicians would thrive and others would not is 
highly worrisome to us ophthalmologists, but it is a 
transitory situation. The distribution and level of profes- 
sional income is not a significant factor in the greater 
health care economy that I was addressing. 

In writing the article, there seemed to be no excuse to 
verbally construct a pulpit to permit the preaching of 
idealistic concepts and righteous admonitions. Lofty words 
did not seem to fit with advocacy of a provision system 
that would help some ophthalmologists but might hurt 
others. I tried to tell it exactly as I see it. I tried not to 
dramatize a plea for achieving ways to reduce health care 
costs while maintaining quality. To me it is obvious that 
technology, escalating costs, and the need for specialized 
ophthalmic skills will progressively drive ophthalmic care 
away from the solo practitioner and into technology- 
fortified centers where highly trained teams of profession- 
al workers participate in the workup and care of each 
patient. I would like to try to make that an ethical and 
beneficial step for most routine eye care. 

In such centers—and there exist some exemplary ones in 
this country—the patient-physician relationship is ex- 
tended by the team into various patient-personnel inter- 
faces. The education, understanding, confidence, trust, and 
Satisfaction that patients gain from encounters with 
trained team members can be even more complete than 
when the art of medicine is rendered by the solo practitio- 
ner. 

I would like to respond as respectfully as possible that 
Dr Goodside has not come to grips with the real problem 
facing ophthalmology today. He may be appalled by my 
article, but he evidently does not appreciate why we must 
seek changes in our present health care system. I certainly 
do not have all the answers, but I know certain facts. While 
becoming the leading debtor nation in the world, this 
country has doubled the percent of its gross national 
product for health care in only 20 years. There is a serious 
problem confronting medicine. It is not the relatively 
insignificant money used for our professional fees but the 
system in which we work that accounts for the intolerable 
cost of medical care. That situation will worsen as technol- 
ogy continues to expand and improve, always with added 
costs. It is unlikely that any economy-oriented governmen- 
tal concept of how the nation’s health care should be 
managed will protect high-quality medical care. We physi- 
cians who apply the new medical science had better be the 
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ones who work out a system that fits with patient needs and 
with reasonable expenditures. In my opinion, technology 
virtually requires high-volume care for cost-effectiveness 
and for state-of-the-art skill to be brought to each 
patient. 

The article that Dr Goodside berates ended with this 
sentence: “Ultimately the public must be the beneficiary of 
optimal and affordable care—that is the obligation of this 
profession.” I hope that all ophthalmologists sense that 
obligation. I hope that we will be thoroughly honest with 
ourselves and with the public and that we not disguise 
either our personal interests or our profession’s uncertain- 
ty about its changing services by a rubric of imagined 
professional holiness. 

I am in full agreement with Dr Goodside about the 
basics. We should tenaciously hold onto our ethics and our 
concern for our patients. We should also move ahead into 
explorations of practical systems of health care for the 
21st century. 

DavipD Paton, MD 
New York 


Extension of Retinal Detachments as a 
Complication of Pneumatic Retinopexy 


To the Editor.—This interesting complication was 
described by Yeo and colleagues! in the August 1986 
ARCHIVES. The authors reported a case of extramacular 
retinal detachment that was treated with pneumatic reti- 
nopexy. Immediately after the injection of the gas bubble 
they noted that the detachment spread into the macula. 
The retina was reattached the next day and there was no 
loss of visual acuity. 

We have not observed this complication. Twelve of our 
first 100 patients had extramacular detachments very near 
the fovea. There were no apparent complications and in all 
12 eyes the level of good preoperative visual aculty was 
preserved. We believe that the complication of macular 
detachment can be prevented with the use of what we call 
the "steamroller" technique. With this technique the 
patient is placed face down immediately after gas injec- 
tion. This positions the gas bubble at the macula and 
immediately pushes the subretinal fluid away from the 
potentially threatened fovea. Over a period of about 20 
minutes the head position is gradually modified until the 
retinal break is placed uppermost. This usually displaces 
the subretinal fluid through the retinal break back into the 
vitreous cavity with flattening of the retina. If the retina 
does not flatten at that time, we recommend that the 
patient be kept in a face-down position for 24 hours. This 
usually causes a marked reduction in the volume of 
subretinal fluid and on the next day the patient can be 
oriented with the break uppermost so as to close the break 
with the surface tension of the gas bubble. 

There is a theoretical possibility that this steamroller 
technique might force retinal pigment epithelial cells 
suspended in the subretinal fluid into the vitreous cavity 
and possibly cause proliferative vitreoretinopathy. This 
possibility may be minimized by deferring the cryotherapy 
for one or two days after gas injection. We have not 
observed a greater amount of pigment in the vitreous of 
these eyes nor have we seen an increase of proliferative 
vitreoretinopathy. 

GEORGE F. HiLTON, MD 
Oakland, Calif 


NEIL E. KELLY, MD 
Sacramento, Calif 


PAUL E. ToRNAMBE, MD 
San Diego 
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Fluorouracil and Suprachoroidal Hemorrhage 


To the Editer.—Frenkel and Shin' have presented “a 
somewhat diferent picture... regarding the predisposing 
factors ...in delayed suprachoroidal hemorrhages.” While 
their impression that aphakia is an important predispos- 
ing factor concurs with previous reports, we find little 
support for taeir assertion that the use of fluorouracil is a 
risk factor. We believe that our series? reflects the fact 
that suprachoroidal hemorrhages occur most frequently 
after filtering surgery in selected groups at high risk for 
this complication (ie, aphakes), whether fluorouracil is? or 
is not/?^* administered. If fluorouracil somehow contrib- 
uted to the cevelopment of suprachoroidal hemorrhages, 
one might exoect a dose-effect relationship manifested by 
the occurrence of bleeding relatively later in the postoper- 
ative period, -fter a larger total dosage of the medicine had 
been administered. Comparison of the times of onset of 
bleeding in ovr patients with those in other series disclosed 
no such trene. If the use of fluorouracil were an indepen- 
dent risk fac or, one might expect significant numbers of 
suprachoroidal hemorrhages after postoperative adminis- 
tration of thedrug to patients without characteristics such 
as aphakia or high myopia. This has not occurred in a large 
pilot study cenducted at the University of Miami. 

We share tae hope expressed by Frenkel and Shin that a 
prospective cinieal trial of fluorouracil will resolve this 
issue. The Flaorouracil and Filtering Surgery Study is an 
ongoing rancomized clinical trial designed to assess the 
long-term po-ential beneficial or adverse effects of subcon- 
junctivally administered fluorouracil after filtering sur- 
gery in aphaxic eyes and eyes in which filtering surgery 
has previous y proved unsuccessful. Unless and until evi- 
dence to the contrary emerges, we have no reason to 
believe that withholding fluorouracil in any way dimin- 
ishes the risk of suprachoroidal hemorrhage after filtering 
surgery. 

MICHAEL G. GRESSEL, MD 
Lorain, Ohio 

RICHARD K. PARRISH II, MD 
Miami 


1. Frenkel REP, Shin DH: Prevention and management of delayed 
suprachoroidal :emorrhage after filtration surgery. Arch Ophthalmol 
1986;104:1459-146. 

2. Gressel MC. Parrish RK, Heuer DK: Delayed nonexpulsive supra- 
choroidal hemor hage. Arch Ophthalmol 1984;102:1757-1760. 

3. Ruderman JM, Harbin TS, Campbell DG: Postoperative supra- 
choroidal hemor-hage following filtration procedures. Arch Ophthalmol 
1986;104:201 -205- 

4. Abrams GĦ, Thomas MA, Williams GA, et al: Management of 
postoperative sworachoroidal hemorrhage with continuous-infusion air 
pump. Arch Oph-halmol 1986;104:1455-1458. 


In Reply.—V'e have characterized delayed nonexpulsive 
suprachoroidal hemorrhage (DNSH) as a complication 
that is most likely to occur when several predisposing 
factors act ir concert.' We did not suggest that fluorouracil 
is a factor suficient by itself or necessary but suspected it 
to be only oae of many possible factors predisposing or 
contributing to DNSH. 

We have ro evidence to believe that this drug exerts 
direct toxic vascular effect causing DNSH. Rather, we 
think that b= inhibiting fibroblastic activity it interferes 
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with wound healing, and when combined w:th antifibro- 
blastic and anti-inflammatory effects of corticosteroids 
and excessive filtration, with or without conjunctival 
wound leak, may result in prolonged hypotory and serous 
choroidal detachment, thereby increasing the chance of 
DNSH when other predisposing factors coexist. Ruderman 
et al? similarly mentioned this phenomenon. H fluorouracil 
had not been used, would all eight patients of Gressel et al? 
still have developed DNSH? A review of patients undergo- 
ing aphakic filtering surgery who were treated before or 
without the use of fluorouracil at the same institution 
would be helpful. 

We do not agree with the argument that a larger total 
dose of fluorouracil might cause bleeding relatively later in 
the postoperative period for the following reasons: First, 
the escape of the aqueous through the surgically created 
filtration path most readily occurs in the early postopera- 
tive period, especially following full-thickness filtering 
surgery. When this is combined with surgical trauma and 
subnormal aqueous secretion due to the resicual effects of 
aqueous secretion inhibitors used preoperatively, it often 
causes hypotony and serous choroidal detachment during 
the early postoperative period. An additional factor that 
may potentiate excessive filtration may increase the likeli- 
hood of DNSH. The antifibroblasic activity o? fluorouracil, 
in addition to the effects of corticosteroids, would be most 
crucial during this critical period; while it will be benefi- 
cial to inhibit the fibrotic closure of an optimal filtration 
path, a prolonged state of excessive filtration and hypoto- 
ny is risky, especially in the presence of other factors that 
predispose to DNSH. Furthermore, the dosages of fluoro- 
uracil used may or may not necessarily be optimal. If the 
serial dosages are excessive, then any dose-effect relation- 
ship of fluorouracil (only one of many potential predispos- 
ing factors) would be difficult to establish. 

Gressel and colleagues have already made a significant 
contribution with their study on fluorouracil in glaucoma 
surgery. We believe that the use of this drug is certainly a 
step in the right direction, and that the Fluorouracil and 
Filtering Surgery Study is a very worthwhile and neces- 
sary one. At present, fluorouracil appears to be promising 
in the treatment of difficult cases of glaucoma. Further- 
more, now that we! and others* have shown that DNSH can 
be successfully treated, thus further decreasing the risk- 
benefit ratio associated with the use of fluorouracil, we 
believe that the potential benefit of fluorouracil is more 
likely to outweigh its potential risk in difficult cases of 
glaucoma. 

Nevertheless, we maintain that fluorouraeil as used by 
Gressel et al? is a possible predisposing factcr (as we have 
categorized it in Table 2 of our article!), especially when 
combined with full-thickness filtering surgery. As we have 
already stated, the outcome of the current collaborative 
prospective clinical trial of fluorouracil is expected to 
resolve the issue. 

RONALD E. P. FRENKEL, MD 
Dona H. SuiN. MD, PHD 
Detroit 
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Oral Ketoconazole and Intraocular 
Amphotericin B for Treatment of 
Postoperative Candida parapsilosis 
Endophthalmitis 





To the Editor.—Postoperative Candi- 
da parapsilosis endophthalmitis oc- 
curred in a group of patients second- 
ary to the administration of a contam- 
inated lot of intraocular irrigating 
solution. All patients underwent sub- 
sequent therapeutic vitrectomy com- 
bined with intravitreal amphotericin 
B, intravenous intraocular amphoteri- 
cin B, and oral flucytosine therapy; 
this group of 15 patients has previous- 
ly been described. We recently 
treated an additional patient who was 
exposed to the same lot of contami- 
nated irrigating solution and had a 
prolonged delay in the presentation of 
postoperative C parapsilosis endoph- 
thalmitis. 


Report of a Case.—An 89-year-old 
healthy man underwent extracapsular cat- 
aract extraction with implantation of an 
anterior chamber intraocular lens in the 
right eye in July 1983. Postoperatively, he 
had a mild persistent iridocyclitis that was 
treated intermittently with a topical corti- 
costeroid over the ensuing two years. 

Two months before our examination, the 
patient noted a mild increase in redness in 
the eye that had been operated on. His 
steroid dosage was increased to four times 
daily. One day before our examination, the 
patient noted the abrupt onset of pain in 
his right eye. 

On examination, visual acuity in the 
right eye was hand motions with good light 
projection. The intraocular pressure was 
35 mm Hg. A slit-lamp examination dis- 
closed marked conjunctival injection with 
large keratic precipitates and moderate 
corneal stromal edema. There was 3+ cell 
and flare in the anterior chamber with 


inflammatory precipitates on the intraocu- 
lar lens. Snowballs were seen throughout * 


the vitreous. 
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The patient underwent a diagnostic and 
therapeutic vitrectomy with intravitreal 
injection of 5 ug of amphotericin B. Cul- 
tures obtained from the vitreous biopsy 
specimen were positive for C parapsilo- 
sis. 

Postoperatively the patient was treated 
with 600 mg/day of oral ketoconazole. In 
addition, the patient received 5 ug of 
amphotericin B via intravitreal injection 
at the conclusion of vitrectomy, as well as 
on days 5, 9, and 14 following surgery. On 
postoperative day 14, a vitreous tap per- 
formed eight hours after administration of 
the oral dose of 600 mg of ketoconazole 
disclosed an intraocular ketoconazole level 
of 0.92 mg/L, which exceeded the minimum 
inhibitory concentration for the offending 
organism. 

One month postoperatively, the patient's 
vision had improved to 20/200. The fundus 
had cleared, with marked diminution of 
the inflammatory snowballs that remained 
along the cut edge of the vitreous base. 
Cultures of intraocular fluid were negative 
for fungus and the oral ketoconazole ther- 
apy was discontinued. 


Comment.—Fungal endophthalmi- 
tis may complicate virtually any type 
of ophthalmic surgical procedure. 
Candida parapsilosis (also known as 
Candida parakrusei) is a yeastlike 
organism that is one of the most com- 
mon fungi cultured from the normal 
human external eye, although it is a 
rare cause of fungal endophthalmitis. 
The delay of the onset of inflamma- 
tion for over two years in this patient 
is unique. The time course from cata- 
ract extraction to the onset of symp- 
toms in our previously described 
patients with postoperative C parap- 
silosis endophthalmitis ranged from 
one to 18 weeks. The long-term topical 
steroid treatment in our patient may 
have contributed to the delayed pre- 
sentation of endophthalmitis. 

Stransky? reported a case of postop- 
erative C parapsilosis endophthalmi- 
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intraocular injection of 5 ug of 
amphotericin B with a resultant 
visual acuity of 20/20. Rosen and 
Friedman! treated a case of postoper- 
ative C parapsilosis endophthalmitis 
with amphotericin B alone applied 
topically and beneath Tenon's capsule. 
We believe that vitrectomy is indi- 
cated in the management of postoper- 
ative fungal endophthalmitis. In our 
previous series of 15 patients, four 
patients who were treated initially 
without surgery continued to worsen 
and all required eventual vitrectomy. 
In addition, two of our patients had 
positive vitreous cultures even after 
systemic and intraocular amphoteri- 
cin B and systemic flucytosine treat- 
ment. 

Systemic amphotericin B has sig- 
nificant toxic effects, including mal- 
aise, renal dysfunction, anemia, and 
electrolyte imbalance. In our previous 
report, all patients suffered some 
degree of toxic effects due to ampho- 
tericin B. We believe the present case 
demonstrates that pars plana vitrec- 
tomy combined with intraocular but 
not systemic amphotericin B may be 
the preferred choice in the manage- 
ment of postoperative Candida en- 
dophthalmitis, and that oral ketocon- 
azole may prove to be a useful drug, 
either alone or combined with intra- 
ocular amphotericin B in the treat- 
ment of fungal endophthalmitis. 

We have documented significant 
levels of intraocular ketoconazole 
after oral ketoconazole administra- 
tion, which exceed the minimal inhib- 
itory concentration for the offending 
organism. Further studies with oral 
ketoconazole, either alone or com- 
bined with vitrectomy, will be needed 
to determine the efficacy of oral keto- 
conazole in the treatment of fungal 
endophthalmitis. Though ketocona- 
zole may be associated with hepato- 
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toxicity, neither the patient in this 

case meport nor our patients treated 

previously with oral ketoconazole 

have experienced this adverse effect. 
DANIEL F. GOODMAN, MD 
WALTER H. STERN, MD 
San Francisco 
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Candida albicans Endophthalmitis 
Following Penetrating Keratoplasty 
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To the Editer.—Late endophthalmitis 
following penetrating keratoplasty 
has been previously reported.' Herein, 
we describe a case of late fungal 
endophthalmitis following penetrat- 
ing kerateplasty that responded 
favorably te oral ketoconazole thera- 


Dy. 


Report of a Case.—A 61-year-old man 
underwent am uncomplicated penetrating 
keratoplasty combined with an extracap- 
sular cataract extraction and posterior 
chantber lens implantation for a traumatic 
scar and cataract. The 34-year-old donor 
had died of trauma. The death-to-preser- 
vation time was 40 minutes. The donor 
cornea was preserved in McCarey-Kauf- 
man medium at 4°C for 34 hours before 
surgery. At surgery, the donor cornea was 
sewr into piace using a double-running 
suture technique. The first suture was of 
10-0 nylon with 12 equal bites and was 
placed at 90% depth. The second suture 
was of 10-0 polypropylene with 12 equal 
bites between the 10-0 nylon and it was 
placed at 50% depth. All cultures of donor 
scleral rim znd media were negative. The 
course was uneventful until two months 
posteperatively, when, with a visual acuity 
of 29/60, four small keratic precipitates 
were noted. Treatment for a presumed 
early rejection episode, which consisted of 
topical 1% prednisolone acetate and sub- 
conjunctival betamethasone acetate, 
yielded resclution of the keratic precipi- 
tates. Four months postoperatively, the 
patient presented with a visual acuity of 
20/40 and was found to have an endothelial 
plague on the host cornea near the graft- 
host interface adjacent to the 10-0 polypro- 
pylene suture at the 10-o'clock position of 
the wound. The polypropylene suture was 
removed without complications and the 
plaeue partially resolved with topical 
application of 1% prednisolone acetate. 
Five months postoperatively, the patient 
developed two large endothelial plaques, 
an ntrastremal abscess at the graft-host 
interface, and three large fluff balls in the 
anterior chamber. The patient was taken 
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to the operating room. The nylon sutures 
were removed from the 9- to 12-o'clock 
positions. The wound was opened and the 
abscess was removed using Vannas scis- 
sors. The fluff balls were aspirated from 
the anterior chamber and the wound was 
closed with a running 10-0 nylon suture 
that was joined with the previously placed 
running suture. Cultures demonstrated 
Candida albicans and treatment with 
hourly topical natamycin (50 mg/mL) was 
initiated. 

With this regimen the clinical course 
worsened over a three-week period. The 
best visual acuity was 20/300, the central 
corneal thickness was 0.92 mm, and there 
were recurrent fluff balls in the anterior 
chamber. Oral treatment with 200 mg/d of 
ketoconazole was begun. 

The patient’s condition improved gradu- 
ally over a six-week course on this regi- 
men. The patient continued to do well and, 
at the latest examination (22 years post- 
operatively), the visual acuity was 20/20 
with a central corneal thickness of 0.47 
mm. The penetrating keratoplasty was 
clear and the anterior chamber was deep 
and clear with a posterior chamber intra- 
ocular lens in good position. 

Comment.—The source of the infec- 
tion is not clear. Although there was 
no history of donor sepsis or long- 
term respiratory therapy, as well as 
negative cultures, we assume that the 
graft was the source of the infection. 

Clinical treatment with oral keto- 
conazole has been used previously for 
fungal endophthalmitis. However, its 
efficacy was difficult to assess 
because the patients were also treated 
with intraocular amphotericin B and 
vitrectomy.2 An experimental study 
has shown ketoconazole to be effective 
in preventing and in reducing the 
severity of Candida endophthalmitis.’ 
The fact that this infection cleared 
with the addition of ketoconazole 
after topical application of natamycin 
had been totally ineffective demon- 
strates evidence of the clinical effica- 
cy of ketoconazole in combating cor- 
neal and anterior chamber Candida 
infections. 

Infection after insertion of an 
intraocular lens often leads to a 
debate about removal of the lens. Fun- 
gal intraocular infections have been 
successfully treated in the past with 
retention of the lens.? At the time of 
anterior chamber paracentesis, it was 
decided not to remove the lens because 
there was no evidence of vitritis. We 
feel that the posterior chamber 
intraocular lens, combined with the 
intact posterior capsule, probably pre- 
vented spread of the infection to the 
vitreous and allowed for the excellent 
postinfectious visual acuity. 

JACK L. WEiss, MD 


WILLIAM T. PARKER, MD 


San Diego 





1. Levenson JE, Duffin RM, Gardner SK, et al: 
Dermatoceous fungal keratitis following pene- 
trating keratoplasty. Ophthalmic Surg 1984; 
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Properdin-Mediated Immune Ring 
Formation Associated With 
Pseudomonas Keratitis 





To the Editor.—Wessely immune 
rings of the cornea have been 
described to occur after infectious cor- 
neal ulcers. These rings are composed 
of polymorphonuclear leukocytes, 
which collect in a discrete circular 
region of complement activation 
around the antigenic entry site. It has 
long been accepted both experimen- 
tally and clinically that the antigen- 
antibody-mediated or classical path- 
way of complement activation results 
in a visible Wessely ring ten to 14 days 
after infection. More recently, Mondi- 
no et al' have shown in an animal 
model that the properdin-mediated or 
alternate pathway of complement 
activation exhibits ring formation one 
to two days after injection of Pseudo- 
monas aeruginosa or Pseudomonas 
endotoxin. Additionally, Mondino et 
al? have proved that properdin can be 
found in the limbus of normal human 
corneas. 

However, to our knowledge, a 
human correlate of immune ring for- 
mation within the time course of pro- 
perdin-mediated complement cleav- 
age has yet to be described in the 
literature. We recently encountered a 
patient with a Pseudomonas corneal 
uleer who developed a  Wessely 
immune ring 43 hours after the onset 
of symptoms. This finding suggests 
the clinieal relevance of properdin- 
mediated immune ring formation in 
humans. 


Report of a Case.—A 24-year-old man 
presented to an emergency room after 
experiencing pain, photophobia, and tear- 
ing in the right eye for eight hours. 
Medical history was significant only for 
use of daily-wear soft contact lenses for 
the previous six months. The emergen- 
cy room diagnosis was contact lens-in- 
duced corneal abrasion. The patient was 
given gentamicin sulfate ophthalmic 
drops and told to see an ophthalmologist 
the next day. 

We first saw the patient 21 hours after 


the onset of symptoms in the Lenox Hill 


ed toag a purulent corneal ulcer. 


tal Eye na in New York, where he 
tégappropriat 


cultures were taken, the 
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Corneal immune ring surrounding region of ulcerative keratitis three days after onset of 
symptoms. 


patient was treated with fortified topical 
bacitracin and gentamicin hourly and with 
cycloplegia. 

The following day, 43 hours after onset 
of symptoms, a distinct white circular sub- 
epithelial infiltrate had appeared sur- 
rounding the ulcer about 2 mm from its 
borders for 360° (Figure). Bacteriologic 
confirmation of P aeruginosa keratitis was 
made, and the patient was admitted for 
aggressive treatment of his infection. 


Comment.—Belmont et al’ previ- 
ously reported a case of Pseudomonas 
keratitis in a contact lens wearer with 
immune ring formation over six to 
nine days after onset of symptoms. 
They suggested that properdin-medi- 
ated ring formation was operative in 
their case. However, the time course 
in their patient is too long to implicate 
the properdin-mediated pathway of 
complement activation. 

It appears likely that our patient’s 
Wessely immune ring was induced by 
the alternate pathway of complement 
cleavage. The ring developed within 43 
hours of onset of the patient's symp- 
toms. This falls distinctly into the 
time frame of Mondino's experimen- 
tal properdin immune rings and far 
too early for a humoral response 
(eight to 12 days required) and subse- 
quent antigen-antibody-mediated 
complement activation. Although pre- 
sensitization with a specific antigen 
can result in amnestic immune ring 
formation two to five days after reex- 
posure, our patient had no history 
of any ocular infection or infection 
at any other body site with Pseudo- 
monas. While asymptomatic expo- 
sure and sensitization to Pseudo- 
monas antigens before the current 
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infection cannot be unequivocally ex- 
cluded, we believe this to be extreme- 
ly unlikely. 

Given the precise correspondence of 
both time course and antigenic agent 
to those observed in an experimental 
animal model, as well as lack of evi- 
dence implicating other mediators of 
complement activation, the alternate 
pathway mechanism of corneal ring 
production is strongly suggested in 
our case. We therefore consider our 
patient's course of Pseudomonas kera- 
titis to be a true human correlate of 
experimentally induced properdin- 
mediated Wessely immune ring for- 
mation. 

STEPHEN M. RanBiNowrTZ, MD 
MICHAEL B. STARR, MD 

B. DAVID GORMAN, MD 

Guy M. KEziRIAN, MD 

New York 
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Radiation Therapy for Ocular 
Necrobiotic Xanthogranuloma 





To the Editor.— The diagnosis and 
management of orbital inflammations 
can be difficult. Necrobiotic xantho- 
granuloma can present with orbital 
and lid inflammatory signs.'? Patients 


usually have multisystem disease and 
the ocular prognosis has been gaard- 
ed. We describe a patient whc was 
treated with low doses of irradiation 
with excellent response. 


Report of a Case. —A 63-year-old woman 
had intermittent left ocular inflammation 
for five years. In February 1983, the sclera 
developed a yellowish discoloration in the 
region of the lacrimal gland. A computed 
tomographic scan and multiple Liopsy 
specimens obtained in August 1983 were 
consistent with an orbital pseudotumor. 

We first examined the patient in Sep- 
tember 1983; abnormalities were limited to 
the left eye and orbit. There was ptosis, 
proptosis, limitation of lateral gaze, lower 
lid induration, and a yellowish mass 
involving the palpebral portion of the lac- 
rimal gland (Fig 1). A computed tomogra- 
phie examination demonstrated diffuse 
orbital inflammation. 

The patient's medical history included a 
bilateral carpal tunnel syndrome aad a 
seronegative, ill-defined arthritis that had 
spontaneously abated. A general physical 
examination disclosed ocular lesions and 
violaceous indurated areas over both upper 
arms. 

An extensive laboratory evaluation dem- 
onstrated leukopenia (3200 cells/mm 
[3.2 X 10*/L]), slight hypocelluiarity of the 
bone marrow, a positive antinuclear znti- 
body assay (1:320 with a speckled pattern), 
and a gamma spike on protein electrodho- 
resis. 

An orbital biopsy specimen demonstrat- 
ed a dense, diffuse, subconjunctival infil- 
trate of foamy histiocytes; Touton giant 
cells; and prominent lymphoid follieles. 
The histiocytic component was arranged as 
a palisade around broad zones of acellalar 
hyaline material, which contained clefts 
formed by cholesterol crystals (Fig 2). 
Foam cells were present between orLital 
muscle bundles. Occasional piasma cells 
were present; neither sheets of normal nor 
neoplastic plasma cells were seen. 

The patient received 2250 rad (22.5 Gy) 
of photon irradiation to the left orbit in ten 
fractions over 14 days in December 1983. 
The lid, lacrimal gland, and orbital abror- 
malities disappeared within two weeks 
after irradiation. Two and a half years 
after treatment ocular findings remained 
in remission without proptosis (Fig 3). 
Follow-up examinations demonstrated 
slight progression of nonocular cutaneous 
lesions on the right and left upper extrem- 
ities; these lesions were indurated, ery- 
thematous, nodular, brawny, blanching, 
and vascular. The ocular findings 
remained stable in remission (Fig 3). 


Comment. — Necrobiotic xantho- 
granuloma is a disease with localized 
tissue destruction and systemic 
involvement that may include leuko- 
penia, anemia, cryoglobulinemia, and 
paraproteinemia.' The latter may be 
manifested as a spectrum from a 
benign monoclonal spike to multiple 
myeloma. The local destructive tissue 
changes are mediated by a granulo- 
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Fig 1.—Clinical photograph of orbital and 
conjunctival involvement. 





Fig 3.—Follow-up clinical photograph two 
years after radiation therapy. 


matous infiltrate associated with 
broad zones of degenerated collagen 
and necrosis of fibrocytes and adipo- 
cytes. There can be involvement of 
necrobiotic xangthogranuloma at sev- 
eral body sites, but periorbital lesions 
are almost always present in necro- 
biotic xanthogranuloma.’ Our patient 
displayed the characteristic clinical, 
laboratory, and histologic features of 
necrobiotic xanthogranuloma. 

The clinical course of necrobiotic 
xanthogranuloma is characterized by 
progressive local tissue destruction, 
with rare spontaneous remissions. 
Surgical excision has been associated 
with recurrence and/or increased dis- 
ease activity. Transient response has 
been reported with intralesional ste- 
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Fig 2.—Within areas of hyalinization in orbital biopsy specimen are cholesterol crystals. 
Presence of these crystals in palisaded granuloma with extensive hyaline change is diagnostic of 


necrobiotic xanthogranuloma (X 10). 


roid injection. The most favorable 
response has been with low doses of 
alkylating agents or systemic cortico- 
steroids.’ 

Radiation therapy of necrobiotic 
xanthogranuloma has not been re- 
ported. In a number of other idiopath- 
ic orbital pseudotumors, low doses 
2000 rad (20 Gy) of orbital radiation 
have been shown to be beneficial.’ 
While there is little rationale for irra- 
diating a process characterized by 
hyalinization and sclerosis, such as 
were seen on the upper extremities of 
our patient, the periorbital lesions 
contained prominent lymphoid nod- 
ules, and these probably represent the 
radiosensitive substrate. 

The theoretical disadvantage of 
radiation therapy is that necrobiotic 
xanthogranuloma is a systemic dis- 
ease. While control of locally destruc- 
tive lesions is imperative, there are 
patients with systemic symptoms, and 
the association with myeloma and 
other lymphoproliferative disease 


warrants more than local lesion con- 
trol. Radiation therapy may have an 
important adjunctive role in ocular 
and adnexal lesions. 
Devron H. CHAR, MD 
Puiuie E. LEBort, MD 
BRITT-MARIE E. LJUNG, MD 
WILLIAM WARA, MD 
San Francisco 


This investigation was supported in part by an 
unrestricted grant from That Man May See, à 
grant from the Beal Foundation, and National 
Institutes of Health, Bethesda, Md, grant 
EYO3675. Dr Char is an Alcon Institute Research 
Professor of Ophthalmology. 
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Profess-onal Liability 
Targeted by AMA and 


Specialzy Societies 


A frontal assault on the crisis in professional liability is being 
spearheaded by the American Medical Association and leading 
medical specialt- societies nationwide. 

"Early this year the AMA/National Medical Specialty Society 
Coordination P*oject will unveil a new system for resolving 
professional liaFility claims," said Kirk Johnson, General Counsel 
of the AMA, waose office staffs the AMA’s part of the Project. 


* ' The call went cat to national medical societies in 1985 to unite 


k- 


- 


V 


with the AM^ in playing a leadership role in finding new 
solutions to the »rofessional liability problem. To date 47 societies, 
including the American Academy of Ophthalmology, have rallied 
to the call witk financial, personnel, and political support. Soci- 
eties contributiag $50 000 or more hold a place on the Coordination 
Project Steering Committee. 

“This projectis an acknowledgment that organized medicine as 
a whole has a uaified interest in solving the problem of profession- 
al liability," said Martin Hatlie of the AMA's Office of the 
General Counsel, who works with the Steering Committee. “We 
feel it’s good trategy to unify, organize, and work for united 
goals.” Hatlie outlined the initiatives mapped by the Steering 
Committee at its meeting in December 1986. These initiatives 
include: 

e Tort Refozm. John J. Coury, MD, President of the AMA, told 
the House of Delegates at the Interim Meeting in Las Vegas in 





Also see JAMA Feb 13, 1987, 
Professional Liability Theme Issue 





December thee the AMA will continue to pursue federal legisla- 
tion that will “encourage states to pass significant tort reform 
‘where needed not just token reforms...." 

e Long-Range Initiatives. Adding that the concerns of orga- 
nized medicir2 extend beyond tort reform to long-range alterna- 
tives to the exrrent tort system, Dr Coury cited the activities of 
the Coordinat on Project: “1987 may be the pivotal year... when a 
nonjury liabiity system is ready to become a marketable demon- 
stration project," Coury said. 

“The cente-piece of the Project," according to Martin Hatlie, “is 
the preparation of a document by a panel of top-notch consultants 
who will wor- together to study, address, and hopefully refute the 
arguments against tort reform.” The panel includes such authori- 
ties as Ben Meineman, an attorney with the firm of Sidley and 
Austin, and Fatricia Danzon, PhD, a professor of economics at the 
University c? Pennsylvania, who specializes in the subject of 
professional iability. The AMA Education and Research Founda- 
tion has ap»lied to the Robert Wood Johnson Foundation on 
behalf of th- Project, requesting funds to assist in the develop- 
ment of a famlt-based administrative model that could be used to 
handle medical liability claims outside the tort system. The 
developmen:* of a no-fault system remains a future option. 

e Patient Safety/Risk Management. A subcommittee on patient 
safety and r-sk management will help develop guidelines to assist 
hospitals, irsurers, and other concerned parties in drafting risk 
managemerz requirements, in addition to referencing or describ- 
ing the relevant activities or programs of all medical societies. 
Twenty members from various specialties make up the subcom- 
mittee. (Allsocieties in the Project were invited to participate on 
the subeommittee. The American Academy of Ophthalmology has 
not elected to do so.) 


Michae! D. S»ringer, Section Editor 


Arch OphtFalmol— Vol 105, Feb 1987 


e Communications Strategy. The Liability Communicators 
Group, an ad hoc committee of communications directors of 
national specialty societies, met in Chicago in November to discuss 
a joint communications strategy. The group's major objective is to 
sensitize the public to the seriousness of the current medical 
professional liability situation and to create an awareness of the 
need for legislative reform. The group will meet again early this 
year to firm up their list of strategies and to prepare a proposal 
for the Steering Committee. 

e Data and Research. The AMA has been conducting annual 
physician and public attitude surveys for the past ten years. 
James S. Todd, MD, Senior Deputy Executive Vice-president of the 
AMA and a key figure in the fight for professional liability 
reform, presented the results of the 1986 survey at the Interim 
Meeting. The AMA survey shows that a majority of Americans 
feel jury awards in malpractice suits should be capped because 
they are too high. The survey revealed the following: 

—58% of the respondents said juries award too much money. 
—70% believe jury awards should be capped, while only 22% 
oppose such limits. 

— 669» favored setting a ceiling on “pain and suffering” awards. 
—79% favored federal legislation that would set limits on law- 
yers' fees in large malpractice suits. 

—76% agree that physicians pay too much for professional 
liability insurance premiums. 

The 1986 public survey involved telephone interviews with 1510 
adults using a random sample of all residential telephones in the 
United States. 

A separate survey of physicians revealed that, for the first time, 
physicians rank professional liability as "the main problem facing 
medicine in the US today," rather than the cost of care, which has 
occupied the number one spot in previous surveys. The physicians 
interviewed were selected randomly from the AMA Physician 
Masterfile. 

Data generated by the AMA's Socioeconomic Monitoring Sys- 
tem (SMS) through the 1986 core survey of physicians reflected 
the alarming trends in professional liability in the past few years. 
Based on a national sample of 4000 physicians, the survey revealed 
that in the years 1981 to 1985 a physician's likelihood of incurring 
a claim inereased more than threefold. The survey revealed the 
following: 

e The average annual rate of claims increased to 10.1 per 100 
physicians in 1985 from an average annual rate of 8.2 in the years 
1981 to 1984, and from a rate of 3.2 in the years prior to 1981. 
Nearly nine of every 100 physicians incurred at least one claim in 
1985. 

e The cost of professional liability insurance averaged $10 500 
in 1985. (Although a national average for ophthalmologists was 
not available for comparison, the average cost in Illinois was 
slightly less.) Overall, in the years 1982 to 1985, premium expenses 
have increased at an average rate of 21.9% for all physicians. 

e On an inflation-adjusted basis, increases in professional 
liability premium expenses in the years 1982 to 1985 absorbed 
approximately one fourth of the growth in the practice-generated 
revenues of self-employed physicians. 

The AMA Center for Health Policy Research also provides a 
Professional Liability Clearinghouse that will compile and make 
available annotated bibliographies of the current literature and 
studies. The Clearinghouse also produces a monthly newsletter, 
Professional Liability Update, which provides a round-up of 
current events and items of interest on the subject, according to 
the Center's David Marcus. Bibliographic and copying services are 
available at a nominal charge by calling (312) 645-4352. 

The AMA's General Counsel, Kirk Johnson, sees these initia- 
tives as a "once-in-a-generation opportunity" to influence the 
crisis in professional liability insurance. 

Dr Todd said the AMA would continue its efforts to develop 
credible data on the issue of professional liability and to educate 
the public and the profession. The problem, he warned, "strikes at 
the heart of professionalism. This is more than a dollars-and- 
cents issue. It affects the availability of care, the quality of care, 
and the use of new technology." 

If the AMA and the national specialty societies working togeth- 
er in the Project have their way, 1987 will see dramatic steps 
toward the ultimate resolution of that problem. 

MICHAEL SPRINGER 
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1986 Heed Award Announced.— Myles 
M. Behrens, MD, received the Heed 
Award during the 1986 American 
Academy of Ophthalmology meeting 
in New Orleans. The award was pre- 
sented by Frank Newell, MD, chair- 
man of the board of directors of the 
Heed Ophthalmic Foundation. Dr 
Behrens received this award in recog- 
nition of his leadership and contribu- 
tions in the field of ophthalmology. Dr 
Behrens is associate professor of clin- 
ical ophthalmology at Columbia (NY) 
University and director of neuro-oph- 
thalmology at Columbia Presbyterian 
Medical Center. 

The Society of Heed Fellows annu- 
ally selects one of the Heed alumni for 
this award. Former recipients of the 
Heed Award include William T. Hoyt, 
MD; Matthew Davis, MD; Harvey A. 
Lincoff, MD; Goodwin M. Breinin, 
MD; William Spencer, MD; Philip 
Knapp, MD; Milton Flocks, MD; Wil- 
liam S. Tasman, MD; Froncie A. Gut- 
man, MD; Marvin H. Quickert, MD; 
Eugene Helveston, MD; Stuart I. 
Brown, MD; Paul R. Lichter, MD; J. 
Terry Ernest, MD; George O. Waring, 
MD; Ronald G. Michels, MD; H. 
Dwight Cavanagh, MD; Jay H. 
Krachmer, MD; David L. Guyton, MD; 
Norman E. Byer, MD; and Robert R. 
Waller, MD. 


Chief of Ophthalmology Appointed.— 
David Paton, MD, has accepted an 
appointment as chief of ophthalmolo- 
gy and director of the residency pro- 
gram at the Catholic Medical Center 
of Brooklyn and Queens. In addition, 
he serves as professor of clinical oph- 
thalmology at Cornell University 
Medical School in Manhattan. 


David Paton, MD 
CL poa TIER OA), 
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Announcements.— Ramesh C. Tripa- 
thi, MD, PhD, of the University of 
Chicago, recently presented the Litch- 
field Endowed Lecture at the Univer- 
sity of Oxford, England. He also 
received the Honor Award of the 
National Federation of Asian Indian 
Organizations in America at their 
convention this summer (1986). 

Jayne S. Weiss, MD, has been 
appointed director of the Cornea and 
External Disease Service at the Uni- 
versity of Massachusetts Medical 
School, Worcester. She has also been 
given a Fulbright grant to lecture at 
the University of Zimbabwe, Harare. 


Obituaries 


CHAMICHIAN, Souren Luther, 71; 
Mount Pleasant, Mich; American Uni- 
versity of Beirut, 1939; certified by the 
American Board of Ophthalmology; 
died Oct 26, 1986. 


FLYNN, John Burke, 85; Burbank, 
Calif; Oregon Health Science Univer- 
sity School of Medicine, 1929; certified 
by the American Board of Ophthal- 
mology; died April 11, 1986. 


KENNEDY, Roscoe J., 82; Cleveland; 
University of Iowa College of Medi- 
cine, 1931; certified by the American 
Board of Ophthalmology; residency, 
Wills Eye Hospital, 1936; died Oct 3, 
1986. 


MASTERS, John Melvin, 86; Indianap- 
olis; Indiana University School of 
Medicine, 1926; certified by the Amer- 
ican Board of Ophthalmology; died 
Feb 10, 1986. 


MEDINE, Myer Michael, 74; New 
York; McGill University Faculty of 
Medicine, 1936; residency, Montefiore 
Hospital Medical Center, 1951; certi- 
fied by the American Board of Oph- 
thalmology; died Oct 10, 1986. 


MISHRA, Diwakar, 46; Salem, NJ; 
Prince of Wales Medical College, Pat- 
na, India, 1963; residency, Brooklyn 
Eye and Ear Hospital, 1970; certified 
by the American Board of Ophthal- 
mology; died Sept 7, 1986. 


MOEHLMAN, Stephen Mackaye, 46; 
Sidney, Ohio; Tulane University 
School of Medicine, 1967; residency, 
Wills Eye Hospital, 1973; died Aug 31, 
1986. 


QUINTO, Eugene Louis, 56; Hartford, 
Conn; Faculty of Medicine, University 
of Lausanne, 1959; residency, Univer- 
sity of Wisconsin, 1966; certiñed by 
the American Board of Ophthelmolo- 
gy; died Sept 24, 1986. 


ROTH, Leslie William. 79; Punta 
Gorda, Fla; Washington University 
School of Medicine, 1930; certified by 
the American Board of Ophtha molo- 
gy; died Dec 19, 1985. 


SANGER, Welborn W., 79; Oklahoma 
City; University of Oklahoma College 
of Medicine, 1931; residency, Balti- 
more Eye, Ear, and Threat Hospital, 
1934; certified by the American Board 
of Ophthalmology; died Sept 19, 
1986. 


SCHONBERG, Stephen S., 47; Thou- 
sand Oaks, Calif; Columbia University 
College of Physicians and Surgz2ons, 
1963; residency, University of Colora- 
do School of Medicine, 1969; certified 
by the American Board ef Oph:hal- 
mology; died July 6, 1986. 


TAYLOR, Alson Proctor, 51; Goffs- 
town, NH; Cornell University Medical 
College, 1961; residency, Jackson 
Memorial Hospital, 1965; died Sept 26, 
1986. 


YOUNG, Lois A., 51; Baltimore; Uni- 
versity of Maryland School of Medi- 
cine, 1960; residency, Howard Univer- 
sity Affiliated Hospital, 1962; certi- 
fied by the American Board of Oph- 
thalmology; died Aug 14, 1986. 


Book Reviews 


Edited by 
Daniel M. Albert, MD 


Ophthalmic Pathology: An Atlas and Text- 
book, ed 3, vol 3, by William H. Spencer (əd), 
Ramon L. Font, W. Richard Green, Edward L. Howes, 
Jr, et al, 1632 pp, with illus, Philadelphia, WB 
Saunders Co, 1986, $125. 

The third and final volume of this 
monumental new third edition of Oph- 
thalmic Pathology is an imposing 
work in many respects. Sponsored 
jointly by the American Academy of 
Ophthalmology and the Armed Forces 
Institute of Pathology, this book is 
equal in size to the first and secord 
volumes combined. It is composed of 
four chapters devoted to the uveal 
tract, the eyelids and lacrimal drain- 
age system, the optic nerve, and tke 
orbit. 


News and Comment /Book Reviews 
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The chapter on the uveal tract con- 
tains two parts: an in-depth consider- 
ation of this tissue by Green and a 
discussion of malignant melanoma by 
Zimmerman. The former volume is 
720 pages and follows in style Green’s 
earlier chapter-on the retina. This is a 
unique assemblage of facts and data 
drawn from personal studies and the 
literature, combined with an impres- 
sive number of photomicrographs and 
other illustrative materials. The sec- 
tion on tumors of the uveal tract 
omitting melenoma is longer than 
Zimmerman's chapter on melanoma, 
and the bibliography covers 39 pages! 
This is the definitive statement to 
date on the pathology of the uveal 
tract. It will serve as an outstanding 
reference for present-day ophthalmol- 
ogists and will no doubt form the 
basis for future treatments of this 
subject. The writing is clear and the 
illustrations are excellent. If accepted 
not as an introduction to the subject 
but as the last word in detailed analy- 
sis, it is a marvelous contribution. 


* ..the most comprehensive 


and authoritative eye pathology 
text presen:ly available." 


Zimmerman’s discussion of malig- 
nant melanoma of the uveal tract (69 
pages) seems relatively brief after 
emerging from the earlier section. 
With only four pages of bibliography, 
one might at first glance wonder if 
perhaps some material has been omit- 
ted. I can find no significant aspect of 
uveal melanoma that is not clearly 
presented and beautifully illustrated. 
This section again combines the vast 
personal experience of the author 
with a careful and judicious review of 
the literature. The result is a classic 
piece of writing with a sharp histori- 
cal perspective. The final part of the 
melanoma ciscussion, “Natural Histo- 
ry and Proznosis," is a spirited and 
effective presentation of Zimmer- 
man's poin: of view in this controver- 
sial area. Fere the writing takes on a 
somewhat editorial tone. 

Font's chapter on the eyelids and 
lacrimal Grainage system, covering 
slightly less than 200 pages, is a 
detailed, legical, and lucid presenta- 
tion of a complex and difficult topic. 
This chapter also features sharp pho- 
tomicrographs with an excellent 
admixture of clinical pictures and 
electron micrographs. The scanning 
electron micrograph of a “louse firmly 
grasping eilium with two stout hind 
legs” is perhaps the most vivid in the 


The chapter on the optic nerve by 
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Spencer is, in my judgment, a model 
of organization, clarity, and careful 
editing. The overview of the anatomy 
and histology of the optic nerve is 
extremely well done, and the consider- 
ations of anomalies and dysplasias, 
papilledema, vascular diseases, intox- 
ications, trauma, and inflammation 
proceed in a logical manner. The sec- 
tion concludes with a concise but up- 
to-date review of optic atrophy. While 
the photomicrographs in this chapter 
are generally good, some reproduced 
from previous publications, as well as 
a few of the smaller illustrations, are 
not sharp. 

The last 400 pages of the book are 
made up of Jakobiec and Font’s con- 
sideration of the orbit. This is an 
encyclopedic chapter that could well 
merit publication as a text in its own 
right. Most of the chapter is con- 
cerned with orbital tumors, and the 
comprehensive descriptions and out- 
standing photomicrographs that cor- 
relate with clinical photographs, com- 
puted axial tomograms, and electron 
micrographs ensure that this chapter 
will be referred to frequently by oph- 
thalmic pathologists and orbital sur- 
geons. 

This is a fitting concluding volume 
for what stands as the most compre- 
hensive and authoritative eve pathol- 
ogy text presently available, and prob- 
ably the best book of its kind pub- 
lished to date. The only major difficul- 
ty one encounters is the variance in 
the scope and degree of detail within 
the different chapters. This variance, 
however, reflects the styles and per- 
sonalities of the authors. This short- 
coming is more than offset by the 
depth of personal knowledge and 
experience that is evident in the 
authorship of each section. The dis- 
crepancy in the sizes of the three 
volumes is also a matter that should 
be addressed by the publisher in 
future printings. The third volume is 
unwieldy, and division of the set into 
three equal size volumes, or even bet- 
ter into four volumes, would add to 
the usefulness of the book and the 
reader’s comfort in using it. The third 
volume uses color plates sparingly, 
but those included are attractive and 
effective. The book is expensive, but 
its physical quality is first rate. This 
is a set that belongs on every ophthal- 
mologist’s bookshelf. More important- 
ly, it should be read by every ophthal- 
mologist. It is an unrivaled resource 
and will serve and delight all physi- 
cians with an interest in ophthalmic 
pathology for years to come. 

DANIEL M. ALBERT, MD 
Boston 


1985 Year Book of Ophthalmology, edited by 
J. Terry Ernest, 306 pp, with illus, Chicago, Year 
Book Medical Publishers Inc, 1985, $48.40. 

This hardy perennial, initiated in 
1901 (as the Year Book of Eye, Ear, 
Nose and Throat), has served the pur- 
pose of reminding the ophthalmolo- 
gist of the more important articles he 
has read during the past year and 
supplying him with highlights of arti- 
cles he may have missed. In addition, 
the juxtaposition of related articles 
helps to put things into perspective 
and, in controversial areas, to know 
where the combatants stand. 

The 1985 Year Book of Ophthalmol- 
ogy has 14 chapters, seven of which 
represent anatomic groupings. In 
addition, there are sections on pediat- 
ric ophthalmology; vision, refraction, 
and contact lenses; glaucoma; neuro- 
ophthalmology; medical ophthalmolo- 
gy and drug therapy; and surgery; 
basic sciences, injuries, and a miscel- 
laneous category are also included. 
Eleven of the chapters contain 
vignettes or discussions that add a 
point of focus to the ensuing material. 
Some of these, such as Putterman’s 
discussion on congenital nasolacrimal 
duct obstruction, are basically sum- 
maries of the author’s experience. 
Others, such as Jampol’s “An Update 
on AIDS,” are more in the form of 
literature reviews. Schanzlin’s article 
on refractive surgery is a particularly 
good combination that reviews histo- 
ry, the literature, and Schanzlin’s own 
experience and views. 

Of the additional reviews, Johnson’s 
“Glaucoma: The Search Goes On" is 
an interesting historical review that 
would be more useful with a bibliogra- 
phy. Fishman’s review of “Light 
Induced Maculopathy” and Fletcher 
and Peyman’s review of “Intravitreal 
Silicone Oil” are both well done. More 
standardization of these “overviews” 
with regard to both format and scope 
might be desirable. 

The heart of the book is a compendi- 
um of abstracts of published articles. 
The selection of articles is undoubted- 
ly a difficult task, but Ernest is to be 
complimented on the final result. The 
vast majority of included articles pro- 


* ..8 highly useful book for 
ophthalmologists in all stages of 
development and in all aspects of 
practice." 





vide new information, contribute to 
timely topies, or provide useful per- 
spectives in their own right. When one 
reviews the lists of journals and 
authors represented, the scope of this 
publication is apparent and all the 
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more impressive in view of its modest 
size and cost. The quality of illustra- 
tions is acceptable and the new format 
for identifying reference information 
is a definite improvement. 

In summary, this continues to be a 
highly useful book for ophthalmolo- 
gists in all stages of development and 
in all aspects of practice. 

DANIEL M. ALBERT, MD 
Boston 


Goldberg's Genetic and Metabolic Eye Dis- 
eases ed 2, edited by William Andrew Renie, 608 pp, 
Boston, Little Brown & Co, 1986, $85. 


The second edition of this book 
builds handsomely on the precocious 
nature of the first edition. As the eye 
is frequently involved in genetic and 
metabolic diseases, rapid advances in 
these fields would suggest the eventu- 
al maturation of this textbook from a 
collected series of essays to a sturdy 
reference tome; the second edition is a 
substantial step in this direction. 

The book is divided into 20 chapters, 
with authors including ophthalmolo- 
gists, geneticists, pediatricians, bio- 
chemists, and dermatologists. The 
chapters have the structure of review 
articles, and successful attempts have 
been made to minimize the repetition 
of material, which is often the hall- 
mark of multiauthored texts. 

The first chapter, "Fundamentals 
of Genetics," by editor Dr Renie, is an 
articulate and quite readable review 
of genetic principles, which when tak- 
en in tandem with chapter 8, “Human 
Chromosomal Disorders and the 
Eye," by Gieser et al, forms an excel- 
lent review on this subject. Also in 
this vein, chapter 3, “The Eye and the 
Chromosome," by Dr Metz, and chap- 
ter 4, "Recombinant DNA Technolo- 
gy, by Dr Sack, supplement basic 
genetic information with a brief 
explanation of the power and ratio- 
nale behind modern recombinant 
DNA techniques and gene isolation 
strategies. These four chapters are 
especially recommended to readers 
who believe that modern genetics has 
passed them by; this is an excellent 
place to regain contact with the excit- 
ing advances in modern genetics. 

Chapter 2, "Biochemical Diagnosis 
of Genetic and Metabolic Eye Dis- 
eases," by Drs Huang and Huang, is a 
meticulous and encyclopedic source of 
information available in this area; in 
this format, a moment’s reference will 
provide the biochemical defects in 
syndromes with ophthalmic manifes- 
tations, in addition to a capsular 
review of clinical presentation. This 
chapter compares nicely with the 
richly illustrated chapter 5, “Ocular 
Ultrastructure in Inborn Lysosomal 
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Storage Diseases," by Drs Libert and 
Kenyon, in which the ultrastructural 
findings on these rare cases are col- 
lected and portrayed in a pathoana- 
tomical framework. Chapter 6, enti- 
tled “Animal Models of Metabolic Eye 
Diseases,” by Aguirre et al, pro- 
vides a stimulating and up-to-date 
review of naturally occurring animal 
disorders but omits the drug-induced 
lipidoses and their increasing impor- 
tance as models of metabolic dis- 
eases. 

A rather unfortunate inclusion in 
this text is chapter 7, “Ocular Phar- 
macogenetics,” by Dr Havener; its 
conversational thinness and clinical 
exhortations are quite out of place 
with the scholarly works in this book. 
However, chapter 9, “Ocular Defects 
in Craniofacial Syndromes,” by Drs 
Pruzansky and Miller, highlights the 
rich legacy of their multidisciplinary 
clinic; the seminal surgical efforts of 
Paul Tessier in this area continue to 
stimulate further study of these 
exceedingly complex patients. Dr 
Miller also wrote chapter 10, “Strabis- 
mus,” and nicely reviews the frag- 
mentary evidence of genetic transmis- 
sion in a variety of strabismus syn- 
dromes. 


“This second edition is an 
impressive successor to the first 
edition.” 





Chapter 11, “Glaucoma,” by Drs 
Nixon and Phelps, is a quite readable 
review of the hereditary aspects of 
glaucoma, corticosteroid responsive- 
ness, and related topics. While the 
authors provide an excellent summary 
of the available information, it is 
apparent from the age of the refer- 
ences cited that modern genetic tech- 
niques await their impact in the study 
of glaucoma. Chapter 12, “Corneal 
Diseases,” by Drs Miller and 
Krachmer, remains a showpiece of the 
book, and its comprehensive and clear 
presentation of corneal diseases will 
delight the reader (and prepare the 
board examinee). Chapter 13, “Con- 
genital Cataracts,” by Dr Morin, is an 
adequate presentation of yet another 
classification for congenital cataracts, 
but little genetic or metabolic infor- 
mation is presented. The author, 
unfortunately, includes much that is 
dated in terms of surgical therapy 
while minimally addressing the excit- 
ing and controversial aspects of peri- 
natal congenital cataract surgery. 

Both chapter 14, “Ectopia Lentis,” 
by Drs Nelson and Maumenee, and 
chapter 15, “Hereditary Retinal 
Detachment and Vitreoretinal Dys- 


plasias,” by Kaplan et al, provide brief 
and lucid reviews of rather limited 
subjects. In chapter 16, “Retincblasto- 
ma," Drs Musarella and Gallie give a 
pithy but not entirely readable review 
of information and current research 
in this subject. While the references 
are quite current and comprehensive, 
the difficult and scattered text under- 
serves the flagship position of retino- 
blastoma in ocular genetics; this vol- 
ume would have been the idea. plat- 
form for a definitive review. Dr 
Noble's chapter 17, “Hereditary Mac- 
ular Dystropies" and Dr Glaser’s 
chapter 18, “Heredofamilial Disor- 
ders of the Optic Nerve,” are quite 
readable introductions to these topics; 
both authors are to be commended on 
the excellence and clarity of their 
illustrations. 

A notable jewel in the book is ehap- 
ter 19, “Oculocutaneous Genetic Dis- 
eases,” by Drs Worobec-Victor and 
Bain, which provides ophthalmic 
highlights of inherited dermatologic 
diseases ranging from albinism to 
atopic dermatitis. The unabashed der- 
matologic orientation of this chapter 
is refreshing, and the clinical deserip- 
tions are so well presented that the 
reader’s diagnostic abilities are sure 
to be improved. The material in this 
outstanding chapter is especially rec- 
ommended, as this important irfor- 
mation has few outlets in cphthalmo- 
logic training. 

The final chapter, “Therapy and 
Prevention of Various Genetic Eye 
Diseases,” by Dr Cotlier, is a fitting 
conclusion to this book, and it is hoped 
that this chapter will grow with fur- 
ther research and successive editions. 
At present, the author is confined to 
the crisp discussion of dietary restric- 
tion in galactosemia, pyridoxine ther- 
apy for gyrate atrophy of the choroid, 
and vitamin A therapy for retinitis 
pigmentosa in association with abe- 
talipoproteinemia. 

Goldberg's Genetic and Metabolic 
Eyes Diseases is an outstanding book, 
and some of the most interesting 
aspects are in the various tables pre- 
sented. The reader is certain to be 
intrigued by Table 1-2, which lists the 
4l eye conditions that may be diag- 
nosed prenatally, and Tables 3-5 and 
3-6, which list the assignments of 
eye-related genes to the specific chro- 
mosomes; these tables in aggregate 
make for fascinating and informative 
reading. 

This second edition is an impressive 
successor to the first edition. It is 
strongly recommended to the widest 
audience. 

DONALD J. D’Amico, MD 
Boston 
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OphthalmoiogyWotes, by Robert G. Small, 192 
pp, 76 illus, New York, JB Lippincott, 1986, 
$11.95. 

The author has written a text for 
the clinician, medical student, and 
medical professional. It is divided into 
two sections. The first of these is 
concerned with examination of the 
eye, diagnosis and treatment of ocular 
emergencies, and ocular pharmacolo- 
gy and therapeutics. The greater part 
of the book is concerned with basic 
ophthalmoiogy. 


“This book... will be of value to 
the nonophthalmologist who sees 
eye patients with various ocular 
problems." 


Because of the number of topics 
covered in this relatively small vol- 
ume, the author has presented brief 
descriptiors cf many of the condi- 
tions, a situation that requires the 
reader to find other sources of infor- 
mation when more depth is desired. 
Also, because of limited space, some 
definitions may be less than fully 
understandable to the nonophthalmo- 
logist. However, for one who is not 
very conversant with medical and sur- 
gical eye eare. this book provides a 
first step in understanding what is 
happening to an individual patient. 

Illustrations are hand drawn and in 
some cases do not clearly present 
what is intended to the nonspecialist 
reading the book. There is a brief 
section on “cammon misunderstand- 
ings" regarding the eye that is gener- 
ally good anc a "glossary" that is 
extensive. The "bibliography" would 
be more helpful with a few more ref- 
erences in view of the brevity of some 
of the explanations in the text. 

This book, which can easily be car- 
ried in a pocket, will be of value to the 
nonophthaimoiogist who sees eye 
patients with various ocular problems 
and must be able to identify various 
conditions anc start therapy or refer 
the patients. The major problem will 
result from explanations that in 
some cases are too narrow or incom- 
plete. 

ELLIOT FINKELSTEIN, MD 
Brookline, Mass 


Neuro-ophthalmology Now! by J. Lawton Smith, 
389 pp, with illus, New York, Rich & Associate, 1986, 
$69.95. 


This is the most recent of several 
volumes that Dr Smith has edited 
that are designed to bring together 
neuro-ophthalmic reports of current 
interest. A reader unfortunate enough 
to be unfamiliar with Dr Smith's work 
might be surprised by the heteroge- 
neity of the material in Newro-oph- 
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thalmology Now! It contains both 
reviews and case reports. Most are 
original, but five of the 35 articles 
have been published previously in 
journals. There are contributions 
from European and North American 
internists, ophthalmologists, neurolo- 
gists, endocrinologists, radiologists, 
and neuro-ophthalmologists. 

The quality of the material is uni- 
formly high, and the articles are gen- 
erally well written. Every chapter 
contains something that was of inter- 
est to me. Several of them are out- 
standing. Derome, Visot, and Aker- 
man describe the ocular manifesta- 
tions in a large series of cases of 
fibrous dysplasia of the skull. This 
may be the best current reference on 
the subject. Huber and Yasargil 
present a succinct discussion of carot- 
id-ophthalmic artery aneurysms 
based on personal experience with 35 
cases. Seven of the patients had bilat- 
eral carotid-ophthalmie aneurysms. 
Debrun provides an update on the 
management of aneurysms and fistu- 
las by interventional neuroradiology. 
Sharpe and Fletcher offer an analysis 
and review of the ocular motor distur- 
bances that impair visual fixation. 
Sellhorst, Harris, and Hormel con- 
tribute an excellent section on Wer- 
nicke's encephalopathy that includes 
a useful list of the nonalcoholic disor- 
ders associated with the condition. 

Something more than the theme of 
neuro-ophthalmology unites the var- 
ied contributions into a book. That 
something is Dr Smith, who succeeds 
in maintaining his presence through- 
out, dispensing wit and wisdom liber- 
ally and effectively. The preface and 
foreword contain his professional and 


‘Dr Smith ... succeeds in main- 
taining his presence throughout, 
dispensing wit and wisdom liber- 
ally and effectively." 


personal credos. His first chapter 
(“What’s New in Neuro-ophthalmolo- 
gy?") is pure Smith. It is a "checklist 
of 50 new ‘pearls’ " replete with refer- 
ences, anecdotes, homey advice, and 
even instructions on how to send away 
for various publications and devices. 
At the end of many of the chapters he 
had added helpful editorial comments. 
He makes you feel like he is talking 
directly to you. 

Ophthalmologists will want to skim 
Neuro-ophthalmology Now! and read 
those chapters that cover topies of 
special interest. Neuro-ophthalmolo- 
gists will want to read the entire 
volume. 

This is a quotation from the book: 


I want to emphasize that no amount of 


laboratory investigation, complement cas- 

cade studies, HLA antigen antibodies, ace- 

tyl choline antibody titers, angiotensin 

converting enzyme tests and the like will 

ever make up for an inadequate history. 
SIMMONS LESSELL, MD 
Boston 


Contemporary Issues in Ophthalmology, vol 2: 
Retinoblastoma, edited by Frederick C. Blodi, 228 
pp, 180 illus, New York, Churchill Livingstone Inc, 
1985, $45. 


Ophthalmologists with a special 
interest in retinoblastoma will find 
this volume useful and interesting. It 
will be most useful to pediatric oph- 
thalmologists and retinal surgeons. 
Most of the material has been pub- 
lished elsewhere, and some of the 
chapters are essentially reprints of 
previous publications, but it is conve- 
nient to have all of this material 
collected in one volume. Diagnostic 
and therapeutic techniques are well 
covered in several chapters, and the 
differential diagnosis is well covered 
in chapter 2. As is inevitable in a book 


* ..most useful to pediatric 
ophthalmologists and retinal sur- 
geons." 





in which each chapter is written by a 
different author, there is considerable 
overlap and redundancy of material. 
There is remarkable consensus among 
the authors of chapters dealing with 
modes of treatment and the appropri- 
ate management of retinoblastoma, 
and readers will find these chapters 
helpful. The main deficiency is a lack 
of specific and detailed recommenda- 
tions about the initial workup, espe- 
cially the systemic workup, of a 
patient with retinoblastoma. The book 
would be much stronger with more 
attention paid to this important 
aspect of the management of the dis- 
ease. Chapters 8 and 10 are especially 
interesting to one concerned with the 
genetics of retinoblastoma, and the 
recommendations on genetic counsel- 
ing and long-term management of the 
family in chapter 8 are especially sen- 
sitive and valuable. The advice in this 
chapter must be taken to heart by 
anyone who undertakes the treatment 
of retinoblastoma. The quality of the 
photographs and tables is good. 

This book will be most valuable as a 
review to those ophthalmologists who 
already have an interest in retinoblas- 
toma. A little more attention paid to 
the basic and comprehensive details 
of management of the disease would 
make it valuable for medical students 
and ophthalmology residents as well. 

ROBERT A. PETERSEN, MD 
Boston 


Book Reviews 181 


os Ly eee ae COM T: rca ee. | 


el ios > ‘ NL en QE T a J > QE AU PE ut 
veio LG M a ds o e A e t OW nee den. ca^ c cae 


e 







y 
No 


E 


xh 


4 


Our latest generation of retinal cameras 
continues the Topcon tradition of 
quality, reliability and economy. 


When you make the best-selling retinal pensation devices; a small pupil feature for 
camera in the United States, there's a temp- shooting through a pupil opening as small 
tation to leave success alone. At Topcon, as 4.5mm; cordless 35mm motor driven 
we've always resisted that temptation. camera bodies: a newly engineered base 


Our TRC-FE series led the 
market for years. Our first 
generation of variable 
angle cameras, the TRC-W 
series, set the standard for 
the industry. And now, our 
new TRC-50V and TRC- 
SOVT (with tilt) models con- 
tinue to reflect Topcon’s 
distinguished history. 


Topcon’s precision 
optics and brilliant dual 
illumination system allow 
the TRC-50 series retinal 
cameras to produce ultra 
sharp fundus photography 
using 35mm, Polaroid? 
or video formats. 


We've included a 
host of convenient 
features like: 
astigmatic and 
diopter com- 


assembly for more precise 
alignment; a stereo 
photography mode which 
eliminates angular guess- 
work; and a state-of-the-art 
electronic master control 
console. In addition, the 
TRC-50V/ VT accepts a full 
compliment of inter- 
changeable filters via the 
fiter access door. 

For flexibility, depend- 
ability and economy in a 
retinal camera, the TRC- 
SOV series by Topcon sets a 
new standard in the indus- 
try. For generations to 
come. 


^| ) 8 Retinal 
: Camera 


STO PCON 


A New World of Precision Optics 


Topcon Instrument Corporation of America, 65 West Century Road, Paramus, New Jersey 07652 (204) 261-9450. 


Polaroid is a registered trademark of Polaroid Corporation, Cambridge, MA 








THE RISKS 
SYOUR 
GREATEST 
RISK. 


A lot of people think 
cancer is unbeatable. 

That simply isn't true. 
In fact, over two million 

» people have had cancer 
and survived to lead 
happy, normal lives. 

And not only can 
cancer be beaten, it can 
also be prevented. 

There are definite 
precautions that have been 
proven to decrease your 
risk of getting certain 

e Cancers. 

Ask your local 
American Cancer Society 
to send you a free booklet 
about caneer risks. 

Learn :he facts about 
cancer. 

And make not know- 
ing the risks, one less risk. 








^w * How you live may save your life. 
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BLEPHAMIDE^ 
(sulfacetamide sodium 10%, 


prednisolone acetate 0.2%) 
Liquifilm® sterile ophthalmic suspension 


For Conjunctivitis * 


INDICATIONS AND USAGE: A steroid/anti-infective com- 
bination is indicated for steroid-responsive inflammatory ocular 
conditions for which a corticosteroid is indicated and where bac- 
terial infection or a risk of bacterial ocular infection exists. 

Ocular steroids are indicated in inflammatory conditions of 
the palpebral and bulbar conjunctiva, cornea, and anterior seg- 
ment of the globe where the inherent risk of steroid use in cer- 
tain infective conjunctivitides is accepted to obtain a diminution 
in edema and inflammation. They are also indicated in chronic 
anterior uveitis and corneal injury from chemical, radiation, 
thermal burns, or penetration of foreign bodies. 

The use of a combination drug with an anti-infective compo- 
nent is indicated where the risk of infection is high or where 
there is an expectation that potentially dangerous numbers af 
bacteria will be present in the eye. 

The particular anti-infective drug in this product is active 
against the following common bacterial eye pathogens: 
Escherichia coli, Staphylococcus aureus, Streptococcus pneu- 
monia, Streptococcus (viridans group), Pseudomonas species, 
Haemophilus influenzae, Klebsiella species, and Enterobacter 
species. 

This product does not provide adequate coverage against: 
Neisseria species and Serratia marcescens. 
CONTRAINDICATIONS: Epithelial herpes simplex keratitis 
(dendritic keratitis), vaccinia, varicella, and many other viral 
diseases of the cornea and conjunctiva. Mycobacterial infection 
of the eye. Fungal diseases of the ocular structures. Hypersen- 
sitivity to a component of the medication. (Hypersensitivity to 
the antimicrobial component occurs at a higher rate than for 
other components.) 

The use of these combinations is always contraindicated after 
uncomplicated removal of a corneal foreign body. 
WARNINGS: Prolonged use may result in glaucoma, with 
damage to the optic nerve, defects in visual acuity and fields ef 
vision, and posterior subcapsular cataract formation. Prolonged 
use may suppress the host response and thus increase the hazard 
of secondary ocular infections. In those diseases causing thin- 
ning of the cornea or sclera, perforations have been known to 
occur with the use of topical steroids. In acute purulent condi- 
tions of the eye, steroids may mask infection or enhance existing 
infection. If these products are used for 10 days or longer, intra- 
ocular pressure should be routinely monitored even though it 
may be difficult in children and uncooperative patients. 

Employment of a steroid medication in the treatment of 
herpes simplex requires great caution. 

A significant percentage of staphylococcal isolates are com- 

pletely resistant to sulfa drugs. 
PRECAUTIONS: The initial prescription and renewal of the 
medication order beyond 20 milliliters should be made by a 
physician only after examination of the patient with the aid of 
magnification, such as slit lamp biomicroscopy and, where 
appropriate, fluorescein staining. 

The possibility of fungal infections of the cornea should be 
considered after prolonged steroid dosing. 

ADVERSE REACTIONS: Adverse reactions have occurred 
with steroid/anti-infective combination drugs which can be 
attributed to the steroid component, the anti-infective compo- 
nent, or the combination. Exact incidence figures are not avail- 
able since no denominator of treated patients is available. 

Reactions occurring most often from the presence of the anti- 
infective ingredient are allergic sensitizations. The reactions 
due to the steroid component in decreasing order of frequency 
are: elevation of intraocular pressure (IOP) with possible devel- 
opment of glaucoma, and infrequent optic nerve damage; pos- 
terior subcapsular cataract formation; and delayed wound 
healing. 
Secondary Infection: The development of secondary infec- 
tion has occurred after use of combinations containing steroids 
and antimicrobials. Fungal infections of the cornea are particu- 
larly prone to cevelop coincidentally with long-term applications 
of steroid. The possibility of fungal invasion must be considered 
in any persistent corneal ulceration where steroid treatment has 
been used. 

Secondary bacterial ocular infection following suppression of 
host responses also occurs. 

*nonpurulent bacterial conjunctivitis 
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He remembers when his son announced 
he wanted to be a fireman. Then, a cowboy... 
and a baseball player. 

Finally, a doctor like his dad. 

‘This year, their shared dream came true 
as he joined his father’s practice. 

A family tradition begins. 

A professional tradition continues as one 
more ophthalmologist relies on Blephamide Zor 
treatment of non-specific conjunctivitis. 


BLEPHAMIDE" 


(sulfacetamide sodium 10%, prednisolone acetate 0.2%) 
Liquifilm® sterile ophthalmic suspension 
See adjacent page for brief prescribing information. 
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Editorial 


Regression 


p of this journal often find articles in which 
an investigator describes the relationship 
between one dependent variable and one or more 
independen’ variables. Some recent examples in the 
ARCHIVES zre distance of densest scotoma from 
fixation (dependent variable) as a function of mean 
rim-to-dise ratio’; color vision defects (dependent 
variable) and diabetic retinopathy’, and vitreous 
penetration ratios (dependent variable) and scotopic 
electroretinography amplitude.* In some instances 


+“ these relationships have become guides to surgical 


practice: the Sanders-Retzlaff-Kraff regression for- 
mula is used to select an intraocular lens that yields 
emmetropia following cataract surgery (axial length 
and keratometer readings are independent vari- 
ables).‘ It was formulated from a series of cases of 
intraocular lens insertions. The purpose of this edi- 
torial is to provide a brief guide to the strategy and 
language of the statistical analysis typically used in 
these studies. 

The investigator assigns a scale of measurement to 
his variables. Such scales may be continuous (chro- 
nological age), ordered (number of drusen), nominal 
(race), or just binary (presence or absence of venous 


e occlusion). Though some computational details dif- 


fer, the principles of analysis of the relationship 
between the independent variables and the depen- 
dent variables are usually the same for all these 
scales. In most of this communication both indepen- 
dent and dependent variables are assumed to be 
continuous. 


LINEAR REGRESSION 


The first step in gaining some understanding of 
the relationship between an independent variable (x) 
and a dependent variable (y) is to plot the observed 
data, obtaining thereby a picture of their relation- 
ship. Examples of such pictures are provided in 


* Figl. 


The secoad step is to describe the plot. For exam- 
ple: (1) “The highest values of y are seen at low and 
high values of x; y is lowest at middle values of x." (2) 
“The distribution of y does not seem to change with 
x; the two do not seem to be related." (3) “y values 
tend to be highest at low values of x and decrease as 
æ increases; they seem to have an inverse relation- 
ship." 

These statements about the relationship between y 
and x are useful, but most investigators wish to then 
develop a more quantitative statement. For example, 
if it appears from inspection that the relationship 
between y and z is linear, then the investigator may 


me wish to "fi^" a straight line to the plot. The simplest 


way to do this is to hold a straightedge to the plot 
and draw a line that seems to fit best. Having done 
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so, one is in a position to note the intercept a (the 
value of y where g is zero) and the slope b (the change 
in y per unit change in x) and quantify the relation- 
ship between the two with the equation for a straight 
line, y = a + bx. 

Fitting the straight line with a straightedge has 
some disadvantages. Principal among these is that 
no two persons apply a straightedge to a set of data 
in the same way; the method is not reproducible. In 
most instances, statisticians estimate the slope b and 
the intercept a from the data with formulas that 
satisfy the "least squares" criterion. That is to say, 
they choose values of a and b so that the sum of 
squares of the differences between predicted values 
of y and observed values of y is a minimum. These 
least square estimators appear in elementary text- 
books of statistics as 


UN ded Aa. (Uy — V and a = y — ba, 
D(x — x) 
where 
> stands for sum and y and x represent the average 
values of y and z, respectively, in the sample. 


The fitted least-squares line is often called a 
regression line. As part of the process of fitting a 
regression line, there are certain questions that are 
helpful for interpreting the relationship between the 
independent and dependent variables. 


How Much of the Variation in y Is “Explained” by x? 


The variation in the dependent variable is a mea- 
sure of our ignorance of that variable, our inability 
to predict or explain it. Phenomena that we can 
predict without error (0 variance) are fully under- 
stood by us. You might say that the purpose of 
research is to reduce the error in predicting a 
variable as much as possible, ultimately to 0. Along 
these lines, R. A. Fisher, a pioneer in the develop- 
ment of statistical inference, defined the inverse of 
the variance as the information available from that 
experiment. If the variance is large, prediction is 
poor, and the inverse of the variance (the informa- 
tion) is small. 

In Fig 2, the variance of y without knowledge of the 
independent variable x can be computed from the 
distribution projected onto the y axis (var y). The 
variance of y around the predicted value of y for a 
specified value x is var y (x). If var y (x) is as large as 
var y, then knowledge of x is not helpful. If var y (x) 
is quite small compared with var y, then knowledge 
of x is quite helpful in predicting (or understanding 
or explaining) y. Analyses of the regression of y on x 
pay particular attention to the reduction seen from 
var y to var y (x). This is often expressed as R’, the 
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Fig 1.—Hypothetical scatter plots. 


square of the correlation coefficient of x and y, which 
is algebraically identical to 1 — [var y (x)/var y]. The 
correlation coefficient is often used to measure the 
degree of association of two variables. A common- 
ly presented formula for the correlation between 
x and y is [Z (x — x) (y — y)V/[n (SD,) (SD,)], the sum 
of the products of the deviations of x and y from 
their averages, divided by the products of the stan- 
dard deviations of x and y and the number of 
elements in the sample. 


Is the Slope Significantly Different From 0? 


Another question that is usually asked in a simple 
regression analysis is whether the slope is signifi- 
cantly different from 0. If x is unrelated to y, then 
changes in x are not accompanied by changes in y. 
That is to say, the slope of y on x is 0. The 
determination as to whether the slope b is signifi- 
cantly different from 0 is made by a test of signifi- 
cance that compares the computed b divided by its 
standard error with published tabular values. 


MULTIPLE REGRESSION 


The investigator may be interested in the relation- 
ship of several independent variables, for example, 
X, X, and qx, with the dependent variable y. (For 
example, y is intraocular pressure and the x vari- 
ables are systemic blood pressure, age, and race.) 
How does the multiple regression analysis compare 
with the simple regression (one x variable) just 
described? 

l. The form of the fitted equation is y= 
a+ bx, + box, + bax. 

2. The least-squares criterion is used to estimate 
the constants a, b, b, and b, in the regression 
equation. 

3. Because of the multidimensionality of the prob- 
lem, the investigator is less able to draw pictures of 
the points as he did in simple regression. 

4. As previously, tests of significance are applied 
to the regression coefficients b, b, b, etc, to de- 
termine whether they are significantly different 
from 0. 

9. As previously, the investigator is encouraged if 
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| var y(x) 





Re = 1—1 yO9 
var y 
Fig 2.—R*. Proportion of variance 


explained by regression. 


the variance of y (the error in predicting y) is 
markedly reduced by fitting the regression. As a 
matter of fact, the investigator may use stepwise 
regression, first accepting into the regression the 
independent variable that most reduces the error in 
predicting y, then including the x variable that most 
reduces the variance in y further, and continuing as 
long as x values can be entered into the equation that 
(1) yield b’s that are significantly different from 0 
and (2) markedly diminish the variance in y. 

Where the dependent variable y is not continuous 
but is binary (yes or no, positive or negative, pres- 
ence or absence), the model may be written as 
p = a + bix + bx... , where pis the estimated posi- 
tive proportion. Another model for binary dependent 
variables that is being widely applied in medical 
research is called the logistic model because of its 
relationship to the natural logorithm of p: p= 1/ 
e *-^5-"*-. All models share these common analyt- 
ic aspects: (1) testing for significance of the coeffi- 
cients b,, b», ete, and (2) evaluating the entire func- 
tion and individual independent variates for their 
ability to increase the predictability of the depen- 
dent variable. 

As a final note, a well-defined regression does not 
imply a causal relationship between the independent 
and dependent variables. As always, interpretation 
of the analysis remains the responsibility of the 
investigator. Guidelines for such interpretation and 
an excellent description of regression can be found in 
the text by Snedecor and Cochran. 

DANIEL SEIGEL, ScD 
Bethesda, Md 
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Special Article 


Medical Malpractice Litigation 


in the Management of 
Vitreoretinal Diseases 


gu are many definitions of medical malpractice, 
as the law does not attempt to make the defini- 
tion precise.’ The three criteria that must be met to 
establish a claim of medical malpractice are negli- 
gence, injury, and proximate cause. The concept of 
proximate cause holds that the patient's injury must 
be the result of the physician's negligence. Such is 
the case when an ophthalmologist fails to diagnose 
an early retinal detachment until the macula has 
been detached several weeks and there is little 
chance to restore occupationally useful vision. Negli- 
gence and injury that are not cause-and-effect re- 
lated do net constitute medical malpractice. An 
example is a surgeon's failure to reduce intraocular 
pressure before cataract surgery, with the patient 
suffering nc vitreous loss but postoperative endoph- 
thalmitis. A situation also may arise in which the 
physician is negligent but no damage is caused by the 
negligence. Such is the case when the patient suffers 
no adverse effects from vitreous loss at cataract 
surgery when the surgeon has not attempted to 
reduce the intraocular pressure before opening the 
eye. Inversely, there may be injury to the patient 
without negligence on the part of the physician, such 
as a case of postoperative endophthalmitis after the 
appropriate precautions were taken by the surgeon. 

In additicn, medical malpractice must be differen- 
tiated from maloccurrence, an example of which 
would be detachment of the retina despite timely 
diagnosis and appropriate prophylactic treatment of 
a horseshoe-retinal tear. A physician can also be sued 
for failure to obtain adequate informed consent 
although there was neither negligence nor injury. 
This does rot actually constitute medical malprac- 
tice? but it can nonetheless result in a trial and 
patient indemnification. 

The literature dealing with medical malpractice in 
ophthalmology is miniscule, and statistics are just 
beginning to be correlated for the ophthalmic sub- 
specialties. The Medical Society of the State of New 
York reported that the number of medical malprac- 
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tice claims against physicians in the state rose from 
3180 in 1976 to 5082 in 1983, an increase of 59.8%. 
Although there are few hard statistics in print, it is 
reasonable to assume that vitreoretinal lawsuits are 
proliferating as are suits for cataract surgery, glau- 
coma management, and so forth (M.F.K., M. Turner, 
unpublished data, October 1984). 


METHODS 


I reviewed the complete files of an unselected series of 
185 medical malpractice claims against ophthalmologists 
for a major medical malpractice insurance company in 
New York State. All claims involved alleged medical 
malpractice occurring between 1975 and 1983. Among 
those claims reviewed were 50 (27%) involving the man- 
agement of vitreoretinal diseases. This percentage corre- 
lates with other studies. 

Those documents reviewed included office and hospital 
records, summons and complaints, bills of particulars, 
narrative summaries of the plaintiff and the defendant, 
replies to interrogatories, reports of consultant physicians, 
depositions, and expert opinions. 


RESULTS 


Of 50 claims, 39 were against general ophthalmol- 
ogists and 11 were against vitreoretinal surgeons. 
There were 16 allegations (32%) against general 
ophthalmologists for negligent treatment of glauco- 
ma and cataract leading to retinal detachment (Ta- 
ble 1). Three claims alleged echothiophate (Phos- 
pholine) iodide caused retinal detachment. All three 
eyes were aphakic, and two were also myopic. There 
was no evidence that an examination of the periph- 
eral retina had been done prior to instituting drug 
therapy in any of the three eyes. The retina drawings 
by the three vitreoretinal surgeons who operated on 
the detachments demonstrated lattice degeneration 
or horseshoe tears that had undoubtedly been 
present for some time in all three eyes. All three 
claims were open. 

Negligent cataract surgery resulting in retinal 
detachment was alleged in 13 claims (26% ). Three of 
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these claims concerned vitreous loss. Review of the 
records from all three cases revealed that the appro- 
priate measures had been taken to prevent vitreous 
loss and anterior vitrectomy had been done in each 
case. One of the three operative notes stated, “The 
patient bucked on the operating table after the lens 
was extracted (intracapsularly).” The plaintiff 
raised the argument that he had a cold preoperative- 
ly and that surgery should have been postponed. This 
claim was closed without payment. The other two 
claims were open. There were three claims that were 
nonspecific about the nature of the negligence. All 
three patients had had scleral buckling performed 
twice unsuccessfully after cataract surgery. Review 
of the records revealed no evidence of negligence. 
Two of these claims were closed without payment; 
the third patient received a $10000 settlement. Two 
claims alleging that extracapsular instead of intra- 
capsular surgery would have decreased the risk of 
retinal detachment were open. There were no appar- 
ent irregularities in the management of either 
patient. 

One problem regarding failure to obtain informed 
consent was closed without payment, and another 
was settled for $20000. Since neither surgeon had 
documented the informed-consent discussion, no 
evaluation of the claims was possible on review of 
the records. 

One claim alleged that negligent cataract surgery 
necessitated a later discission that caused retinal 
detachment, and another alleged that a resident 
performed the surgery. Both claims were closed 
without payment. One vague claim of incomplete 
phacoemulsification causing retinal detachment was 
open. The records indicated that there was no negli- 
gence in any of the three claims. 

With respect to the management of vitreoretinal 
disease, the most common allegation was failure or 
delay in the diagnosis of retinal detachment. Of the 
19 claims (38%), 18 were against general ophthal- 
mologists. Eight claims alleged that the pupil was 
not dilated before the fundus examination. Review of 
the records revealed that the allegations were cor- 
rect in all eight claims. One of the disputes involved a 
two-month delay in surgery for retinal detachment 
in a patient with a misdiagnosis of optic neuritis; the 
claim was closed without payment. A claim that was 
open involved a patient with a misdiagnosis of iritis. 
Another claim was not meritorious and was closed 
without payment. One claim went to trial, with a 
verdiet in favor of the defense. Two claims were 
settled for $150 000 each, one was settled for $37 500, 
and one was open. 

Five claims, although the patients' pupils were di- 
lated before funduscopy, alleged that the retinal 
detachment was missed in patients with suspicious 
symptoms and that a consultation should have been 
obtained. The allegations were correct in three 
claims and unclear in two claims. Three claims were 
closed without payment, and two were open. 

Of the 19 claims of failure or delay in diagnosis, six 
were claims of failure to diagnose retinal detach- 
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Table 1.—Allegations of 50 Malpractice Claims 





General Vitreo- 
Ophthalmol- retinal 
Type of Claim ogist Surgeon 












Negligent treatment causing 
retinal detachment 
Medical (glaucoma) 
Surgical (cataract) 

Negligent management of 
vitreoretinal disease 
Failure or delay in diagnosing 
retinal detachment 18 














1 
Scleral buckling 3 4 
Pars plana vitrectomy 0 4 
Laser surgery 2 






ment because of unclear media. In two eyes, there 
was a vitreous hemorrhage, and opaque capsular 
remnants were present in the third eye. The fourth 
eye was amblyopic and had a cataract. All four 
plaintiffs appropriately alleged failure to obtain a 
consultation. The two claims regarding vitreous 
hemorrhage were open, and the claim concerning the 
capsular remnants was closed without payment. The 
patient with amblyopia and a cataract received a 
$100000 settlement. The fifth claim was against a 
general ophthalmologist who allegedly failed to 
diagnose a recurrent retinal detachment because of 
vitreous hemorrhage that occurred after he had 
performed scleral buckling. The allegation specified 
failure to perform ultrasonography. The records 
showed this claim to be without merit, and the claim 
went to trial, with a verdict for the defense. The sixth 
claim was against a vitreoretinal surgeon who failed 
to use ultrasonography on an eye in which a vitreous 
hemorrhage allegedly precluded visualization of a 
retinal detachment. The merits of this claim have 
been particularly difficult to assess, and the case was 
open. 

Three of seven claims of negligent management of 
retinal detachment were against general ophthal- 
mologists. One patient underwent three unsuccessful 
scleral buckling procedures on one eye. This claim 
was without merit and was closed without payment. 
A second patient alleged that he was unable to get a 
prompt appointment when he complained of symp- 
toms that proved to be due to a redetachment. 
Review of the records revealed no negligence. This 
claim went to trial, with the verdict favoring the 
defense. One nonmeritorious claim of failed scleral 
buckling due to proliferative vitreoretinopathy was 
open. 

Four of the seven claims were against vitreoretinal 
surgeons and alleged negligent treatment of retinal 
detachment. One patient alleged that a traumatic 
cataract, which made visualization of the retina 
difficult, should have been removed before retina 


surgery that was unsuccessful. This claim was not < 


meritorious and resulted in a trial with a defense 
verdict. Two claims concerned failure cf scleral 
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1 
Negligent Management of ; E 
Vitreoretinal Disease > 
Treatment Failure or pN { 
Causing Retinal Delay in General Vitreoretinal 

Disposition Detachment Diagnosis Ophthalmologist Surgeon E 
Total indemnity $30 000 $437 500 None $10 000 i 
Open 8 7 1 3 4 
Total 16 19 5 10 : 
buckling due to proliferative vitreoretinopathy. tion of two claims involving retinal detachment j 

There was no negligence in either claim, one of which following cataract surgery (described above). One 
was closed without payment and the other of which claim was closed without payment, and one claim ^ 
was open. One patient claimed to have decreased was settled for $20000. One claim (described above) 3 
vision following successful scleral buckling surgery ^ against a vitreoretinal surgeon because of decreased | 
for an extramacular retinal detachment. Although ^ vision after successful surgery for an extramacular 3 
there was ro negligence, the surgeon had not docu- ^ retinal detachment was settled for $10 000. 4 
mented the informed-consent discussion, and the Of the 24 claims closed without payment (Table 2), 5 
patient received a $10000 settlement. ten were not actively pursued by the plaintiff and é 
Two of four claims against vitreoretinal surgeons were classified as abandoned. Eight claims were 5 
for negligent management of vitreous disease were formally discontinued by the plaintiff, and two : 
closed without payment. There was one accident ^ claims were dismissed by the court. There were four » 
involving administration of general anesthesia dur- verdicts in favor of the defense. All seven cases that E 


ing a vitrectomy, with no negligence on the part of 
the surgeor. One nonmeritorious claim alleged delay 
in treating an intraocular foreign body in a patient 
who was admitted for an emergency workup and was 
transferrec to another hospital, which had vitrecto- 
my equipment. One claim of decreased vision after 
vitrectomy for a diabetic traction detachment was 
open, as was one claim of apparent medical problems 
following a vitrectomy in a diabetic. There was no 
negligence in either claim. 

All four claims of negligent retinal laser surgery 
were not meritorious and were closed without pay- 
ment. One of two claims against a general ophthal- 
mologist alleged failure to treat a diabetic patient 
whose condition was diagnosed as inoperable and 
who eventually became blind. Another patient con- 
tinued to lese vision after a general ophthalmologist 
performed laser surgery for background diabetic 
retinopathy. One of two claims against a vitreoreti- 
nal surgeon alleged progression of diabetic retinopa- 
thy after laser treatment. Another diabetic patient 
aleged a retina-vitreous surgeon should have 
treated the other eye first. 

Bill-collection problems played a major role in the 
initiation cf three of the 50 claims, and all three were 
closed without payment. One general ophthalmolo- 
gist threatened to sue for collection of the fee for 
cataract surgery, which had been followed by a 
retinal detachment. Another general ophthalmolo- 
gist refused to return a $75 fee after missing a 
retinal break, which was subsequently found by a 
second general ophthalmologist. The general oph- 
thalmologist who unsuccessfully performed three 
scleral buckling procedures on one patient's eye 
threatenec to sue for his fees. 

Informed consent was a major factor in the initia- 
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were elosed with payment were settled, and there 
were no verdicts favoring the plaintiff. The total 
indemnity was $477500 (range, $10000 to $150 000). 
Nineteen claims were open. 


COMMENT 


Claims showed a remarkable tendency to fall 
neatly into categories. All three claims alleging 
negligent medical treatment of nonretinal disease 
concerned probable miotic-induced retinal detach- 
ment. It is advisable to examine the peripheral 
retina of patients who are at high risk for retinal 
detachment, such as myopes, aphakes-pseudophakes, 
and— most definitely —myopie aphakes-pseudo- 
phakes. The aim is to rule out the presence of lesions, 
such as retinal breaks and lattice degeneration, 
which predispose to retinal detachment, in order 
that they may be prophylactically treated prior to 
prescribing echothiophate iodide.‘ 

Thirteen (26%) of the claims alleged negligent 
cataract surgery leading to retinal detachment. 
Patients who develop a retinal detachment within 
six months to one year after cataract surgery usually 
ask the surgeon whether there was a causal relation- 
ship between the two. This is no doubt one of the first 
questions that a dissatisfied patient will ask an 
attorney if he or she does not get satisfactory 
answers from an ophthalmologist. Patients should 
be educated during a proper informed-consent dis- 
cussion regarding possible complications. Thus, if a 
retinal detachment occurs, the patient was made 
aware of such a possibility. Further discussion after 
the occurrence of a retinal detachment is equally 
important. 

A recurring circumstance in the records of claims 
of aphakic-pseudophakic retinal detachment is vitre- 


Medical Malpractice—Kraushar 189 





= " P m TA E F3 
mU NOTE CERE STET YS 


Ww 


: 


ous loss. A plaintiff's attorney will sieze upon any 
deviation from an uncomplicated, or perfect, proce- 
dure, and it will be up to the physician to present 
evidence that there was no negligence. It is therefore 
as important to document in an operative note that 
the intraocular pressure was reduced preoperatively 
as it is to describe the anterior vitrectomy. Three 
claims in this series included episodes in which the 
patient moved, “bucked,” or coughed during surgery 
and vitreous was lost. It may be wise to postpone 
surgery for patients with a recent upper respiratory 
infection or at least to prescribe cough-suppressant 
medication preoperatively. 

Patient indemnification for failure or delay in 
diagnosis of retinal detachment was 91.6% of the 
total indemnity in the study and far exceeded the 
total payments for alleged negligent treatment. This 
is consistent with other studies? It is frequently 
impossible to determine liability regarding failure to 
diagnose retinal detachment. The problem is recon- 
ciling the temporal relationship between the onset of 
symptoms and the occurrence of the detachment. 
Flashes and floaters may occur without retinal tears 
or detachment. The appearance of a “curtain” in the 


visual field is a more suspicious symptom. Occasion- 
ally, there are clues to establish when the retinal 
tear or detachment occurred, such as an atrophic 
flap in a horseshoe tear or demarcation lines under 
the detachment. Often there are no such clues, and it 
is impossible to conclude whether there was negli- 
gence, although the patient experienced symptoms 
before the examination, with or without a dilated 
pupil, and although a retinal detachment was not 
discovered until some time thereafter. Such claims 
fell into the following three categories: failure to 
dilate the pupil, failure to diagnose retinal detach- 
ment even with a dilated pupil, and examination 
through opaque media. Eight claims correctly 
accused ophthalmologists of failure to dilate the 
pupil. This failure results in delay of the diagnosis, 
which compromises the chance for restoration of 
good vision. Three of six of these claims that were 


closed were settled for a total of $337 500, which was 


70.6% of the total patient indemnification in this 
study. 

Three of five claims accurately alleged failure to 
diagnose a retinal detachment through a dilated 
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pupil. In the other two claims, it was not possible to 
say whether the detachment was actually present at 
the time of examination. The allegations properly 
stated that the patient should have been referred for 
consultation, although no disease was found, because 
the symptoms were strongly suggestive of retinal 
detachment. 

Six claims alleged failure to diagnose retinal 
detachment in eyes with opaque media. Four of these 
patients who had been examined by general ophthal- 
mologists claimed that they should have been 
referred for consultation because of the nature of 
their symptoms. Any patient with a cataract in an 
amblyopic eye and a history of recent visual loss can 
be a difficult diagnostic problem. One such patient 
(mentioned above) was awarded a $100000 settle- 
ment. Vitreous hemorrhage allegedly prevented a 
general ophthalmologist from seeing a recurrent 
retinal detachment in an eye on which he had 
recently performed scleral buckling. A vitreoretinal 
surgeon also may have failed to diagnose a retinal 
detachment because of a vitreous hemorrhage. Both 
plaintiffs reasonably argued that ultrasonography 
or a similar modality should have been used. 

The implication from these 19 claims is that every 
possible step should be taken to rule out retinal 
detachment in eyes with suggestive symptoms. This 
may require retinal examination through a dilated 
pupil or a retina consultation. Ultrasonography or a 
similar modality may be required in eyes with 
opaque media. 

Claims of negligent surgery for vitreoretinal dis- 
eases in this series were uniformly nonmeritorious. 
Patient education through an informed-consent dis- 
cussion may have prevented a claim against a 
vitreoretinal surgeon of visual loss following success- 
ful repair of an extramacular retinal detachment 
and two claims of continued visual deterioration 
despite laser treatment for background diabetic reti- 
nopathy. 

Review of three claims concerning informed con- 
sent revealed that there was no negligence. Two of 
the claims were settled because the informed- 
consent discussions were not properly documented.” 


MARVIN F. KRAUSHAR, MD 
Livingston, NJ 
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Results and Prognostic Factors in 


Vitrectomy for Diabetic Vitreous Hemorrhage 


John T. Thompson, MD; Serge de Bustros, MD; Ronald G. Michels, MD; Thomas A. Rice, MD 


è The final visual acuities and prognos- 
tic factors predictive of these results 
were analyzed in 353 eyes that had pars 
plana vitrectomy for nonclearing diabetic 
vitreous hemcrrhage. Eighty-one percent 
of the eyes had improved visual acuities 
on final examination. The percentage of 
eyes that achieved a visual acuity of 20/ 
100 or better and the percentage that 
achieved 5/2@0 or better increased dur- 
ing the study period. Preoperative factors 
~ associated with a favorable visual progno- 
sis included tne following: (1) preopera- 
tive visual acuity of 5/200 or better, (2) 
absence of itis neovascularization, (3) 
absence of meovascular glaucoma, (4) 
clear lens or minimal cataract, and (5) 
panretinal photocoagulation of at least 
one fourth of the fundus. Intraoperative 
factors associated with a favorable visual 
prognosis included retaining the crystal- 
line lens and absence of an intraocular 
gas bubbie. 

(Arch Ophthalmol! 1987;105:191-195) 


pere plana vitrectomy is accepted as 
the procedure of choice to treat 
nonclearing vitreous hemorrhage 
from proliferative diabetic retinopa- 
thy. We evaluated the results of 
vitrectomies performed between 1974 
and 1983 on 353 eyes that had surgery 
for the sole mdication of nonclearing 
vitreous hemorrhage. Preoperative 
and intraoperative factors were ana- 
lyzed to identify features predictive of 
the visual outcome. The surgical 
results for ar earlier group of patients 
from 1974 to 1980 were compared with 
more recent results from 1981 to 1983. 
Postoperative complications were also 
evaluated for the total group and the 
two time intervals. 


PATIENTS AND METHODS 


We reviewed 374 consecutive charts of 
eyes that had a primary pars plana vitrec- 
tomy for nonciearing vitreous hemorrhage 
from proliferative diabetic retinopathy. 
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All surgery was performed by R.G.M. or 
T.A.R. using similar surgical techniques.’” 
Eyes were excluded if there was a preoper- 
ative traction retinal detachment that 
involved the macula or a retinal break. For 
each eye we recorded 29 factors related to 
the preoperative examination, seven relat- 
ed to the operative procedure, and 82 relat- 
ed to the postoperative examinations. Each 
of these 118 factors was routinely checked 
and recorded by the two surgeons. The 
preoperative factors analyzed included the 
following: age, sex, diabetes therapy, renal 
disease, panretinal photocoagulation 
(PRP), glaucoma, glaucoma therapy, prior 
glaucoma surgery, visual acuity, intraocu- 
lar pressure (IOP), iris neovascularization, 
angle neovascularization, peripheral ante- 
rior synechiae, cataract, vitreous hemor- 
rhage, retinal neovascularization, and reti- 
nal detachment. Retinal neovasculariza- 
tion and retinal detachment were graded 
intraoperatively if a media opacity pre- 
vented preoperative evaluation. The dura- 
tion of vitreous hemorrhage and type of 
diabetes (type I vs type II) were not rou- 
tinely recorded. The intraoperative factors 
analyzed included the following: date of 
vitrectomy, lensectomy, cryotherapy, 
scleral buckle, iatrogenic retinal hole or 
detachment, endophotocoagulation, and 
use of intraocular gas. The postoperative 
factors analyzed included the following: 
indication for reoperation, time of reopera- 
tion, surgical procedure at reoperation, iris 
neovascularization, angle neovasculariza- 
tion, peripheral anterior synechiae, glauco- 
ma, glaucoma therapy, IOP, lens clarity, 
vitreous hemorrhage, retinal detachment, 
laser photocoagulation, visual acuity, time 
of final examination, and cause of 
decreased vision. These preoperative, 
intraoperative, and postoperative factors 
were graded as previously reported.* Twen- 
ty-one of the 374 eyes were excluded 
because of postoperative follow-up of less 
than six months, which left 353 eyes in the 
study. Additional follow-up data were 
obtained from referring physicians for 
approximately 8% of the eyes. 

The study population consisted of 353 
eyes in 308 patients. The patients’ ages at 
the time of surgery ranged from 16 to 82 
years (mean age, 51 years). Thirty-one 
percent of the eyes were from patients 40 
years of age or younger. There were 180 
eyes of males and 173 eyes of females. 
There were 177 right eyes and 176 left eyes. 
The follow-up interval ranged from six 
months to 103 months (mean, 24 months; 
median, 16 months). Some of the analyses 
were divided into two groups: (1) eyes 
operated on between 1974 and 1980 and (2) 
eyes operated on between 1981 and 1983. 
This division was chosen because the 
results of this first group were reported 
previously* and are being updated with 


additional postoperative data. There were 
248 eyes that had surgery before 1981 and 
105 eyes with vitrectomy in 1981 or later. 
The mean follow-up for eyes in the first 
group was 27 months (median, 21 months) 
and in the second group, 15 months (medi- 
an, 13 months). The determination of sta- 
tistical significance in the data was made 
using the x? test, incorporating the Yates’ 
correction factor. 
RESULTS 


The preoperative visual acuity was 
20/100 or better in ten eyes (8%) and 
5/200 or better in 72 eyes (20%). One 
hundred sixty-nine (48%) of the 353 
eyes achieved a final visual acuity of 
20/100 or better. Two hundred seven- 
ty-six eyes (78%) had a final visual 
acuity of 5/200 or better. Two hundred 
eighty-five eyes (81%) had a final 
visual acuity at least one line better 
than the preoperative visual acuity, 
seven eyes (2%) were unchanged, and 
61 eyes (1776) were worse. Twenty- 
two eyes (6% ) had no light perception 
(NLP) at the final examination. 

Table 1 compares the final vision 
ranges for the two study groups. The 
percentage of eyes with final visual 
acuities of 20/100 or better increased 
from 44% to 56% (P = .05) comparing 
the time interval 1974 to 1980 with the 
interval 1981 to 1983. The percentage 
of eyes with final visual acuities of 
5/200 or better increased from 75% to 
86% (P = .04). The percentage of eyes 
with the same or better visual acuity 
at the final examination compared 
with the preoperative examination 


increased from 81% to 88%, but this — 


difference was not statistically signif- 
icant (P = .15). The percentage of eyes 
with NLP at final examination 
decreased slightly, from 7% to 5% 
(P = .62). The improvements in visual 
acuity in the second time interval for 
some acuity ranges cannot be attrib- 
uted to the shorter follow-up time of 
eyes with vitrectomy in the second 
interval. Eyes with longer postopera- 
tive follow-up had better final visual 
acuities in both the first and second 
time intervals, so the greater duration 
of follow-up in eyes from the first 
time interval, if anything, would have 
been expected to give a better overall 
final visual acuity. Instead, eyes in the 
second group had a better final visual 
acuity. The postoperative visual acui- 
ties were relatively stable after six 
months, and this is in agreement with 
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tn = 248. 
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Table 1.—Comparison of Visual Results of Vitrectomy for 
Nonclearing Diabetic Vitreous Hemorrhage * 


Date of Vitrectomy, No. (%) of Eyes 


Final Visual Acuity 1974-1980t 1981-19831 PS 
z- 20/100 110 (44) 59 (56) .05 
25/200 186 (75) 90 (86) .04 
=> Preoperative visual acuity 200 (81) 92 (88) .15 


17 (7) 












5 (5) .62 



















Visual Acuity 


20/ 15-20/20 O (0) [0] 


4/200-0.5/200 
Hand motions, 
light perception 


No light perception O (0) [100.0] 





*N = 353. 


previous reports. Table 2 gives the 
ranges of preoperative and final 
visual acuities for all eyes. 

The preoperative and intraopera- 
tive characteristics of the eyes in the 
1974 to 1980 and 1981 to 1983 groups 
were similar, with the following 
exceptions: The percentage of eyes 
with 5/200 or better preoperative 
visual acuity increased from 17% (43/ 
248) to 28% (29/105). The percentage 
of eyes with minimal or no preopera- 
tive cataract increased from 62% 
(154/248) to 77% (81/105). The per- 
centage of eyes with no history of 
preoperative PRP decreased from 
52% (129/248) to 29% (30/105). The 
use of lensectomy at the time of pri- 
mary vitrectomy decreased from 63% 
(156/248) to 15% (16/105). The use of 
prophylactic 360° cryotherapy de- 
creased from 60% (148/248) to 4% 
(4/105). The use of prophylactic 360° 
circumferential scleral buckle created 
with a 2.5-mm band decreased from 
50% (124/248) to 2% (2/105). The use 
of intraocular air or another gas 
decreased from 50% (124/248) to 17% 
(18/105). The number of eyes that 
required reoperation was constant, at 
24% (60/248 and 25/105). 


Risk Factors 


Several preoperative and intraoper- 
ative risk factors were associated with 
a statistically greater likelihood of a 
final visual acuity of 5/200 or better 
(P < .05). These were the preoperative 
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Table 2.—Preoperative and Final Visual Acuities for 


Nonclearing Diabetic Vitreous Hemorrhage 


Before Operation, No. (?6) of Eyes 
[Cumulative 96] 


71 (20.1) [40.5] 


210 (59.5) [100.0] 













After Operation, No. (%) of Eyes 
[Cumulative 96] 


13 (3.7) [3.7] 








10 (2.8) [81.0] 






45 (12.7) [93.8] 
22 (6.2) [100.0] 






factors: (1) visual acuity of 5/200 or 
better, (2) absence of iris neovascular- 
ization, (3) absence of neovascular 
glaucoma, (4) a clear crystalline lens 
or only a mild cataract, and (5) PRP of 
at least one fourth of the retina (or 
about 400 spots of 500 wm.) Preopera- 
tive factors not associated with a sta- 
tistically significant higher likelihood 
of final visual acuity of 5/200 or better 
included the following: (1) age at time 
of vitrectomy, (2) patient sex, (3) type 
of medical therapy for diabetes, (4) 
overall severity of renal disease, (5) 
severity of vitreous hemorrhage, (6) 
severity of retinal neovascularization, 
and (7) presence and/or severity of an 
extramacular traction retinal detach- 
ment. 

Intraoperative factors associated 
with a favorable visual outcome, 
defined as final visual acuity of 5/200 
or better, included the following: (1) 
absence of lensectomy and (2) absence 
of the use of intraocular gas. Use of 
intraocular air, sulfur hexafluoride 
(SF6), or a mixture of air and SF6 was 
associated with a poorer visual out- 
come whether the gas was used to 
tamponade retinal breaks or to try to 
prevent early postoperative vitreous 
hemorrhage. Intraoperative factors 
not statistically associated with a 
more favorable or unfavorable final 
visual acuity included the following: 
(1) use of cryotherapy to treat retinal 
breaks, (2) placement of a 360? pro- 
phylactic scleral buckle, and (3) cre- 


ation of an iatrogenic retinal break. 

Five preoperative and two intraop- 
erative factors were also evaluated in 
a multivariate regression model -hat 
selected preoperative and intraop- 
erative factors by stepwise variable 
selection. Preoperative iris neovascu- 
larization, preoperative neovascalar 
glaucoma, and lensectomy were asso- 
ciated with a final visual acuity of less 
than 5/200 (P < .05) in a model with 
seven variables. The remaining vari- 
ables, visual acuity, PRP. cataract 
severity, and the use of intraocular 
gas, were statistically signiticant enly 
if the number of variables in the 
equation was reduced below seven. 
This is a result of interaction between 
some of the variables and the relative- 
ly small sample sizes in some sub- 
groups. 

Each of these five preoperative and 
two intraoperative factors associated 
with a statistically significant greater 
likelihood of final visual acuity of 
5/200 or better according to a x? test 
was analyzed for each of three final 
visual acuity ranges: (1) 20/10C or 
better, (2) 5/200 or better, and (3) 
NLP (Table 3). Twenty percent of the 
eyes had preoperative visual acuities 
of 5/200 or better. Sixty-eight pereent 
of these eyes had final visual acu:ties 
of 20/100 or better compared with 
43% of eyes with preoperative visual 
acuities less than 5/200 (P = .0@02). 
Ninety percent of the eyes with pr2op- 
erative visual acuities of 5/200 or bet- 
ter had final visual acuities of 57200 
or better compared with 75% of eyes 
with preoperative visual acuities less 
than 5/200 (P = .009). Three pereent 
of the eyes with preopera-ive visual 
acuities of 5/200 or better had NL? at 
final examination compared with 7% 
of eyes with preoperative visual acui- 
ties less than 5/200 (P = .23). 

Preoperative iris neovasculariza- 
tion was present in 25 eyes (7.1% ). Iris 
neovascularization was cefined as 
abnormal vessels on the pupiliary 
margin, iris stroma, or anterior cham- 
ber angle. Twenty-eight percen- of 
these eyes had final visual acuities of 
20/100 or better compared with ¿9% 
of eyes without iris neovasculariza- 
tion (P = .07). Forty-four percen: of 
the eyes with iris neovascularizazion 
had final visual acuities of 5/208 or 
better compared with 81% of eyes 
without ^ iris . neovasculariza-ion 
(P «.0001). Twenty percent of the 
eyes with preoperative iris neovascu- 
larization had NLP on fina. examina- 
tion compared with 5% of eyes with- 
out preoperative iris neovasculariza- 
tion (P = .01). Preoperative neovascu- 
lar glaucoma, defined as an IOP cf 30 
mm Hg or more with neovasculariza- 
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g nc stic Factors for Final Visual Acuity in Vitrectomy 
clearing Diabetic Vitreous Hemorrhage * 





Preoperative or — 20/ 100 
Intraoperative 


Factor 


Preoperative 
VA=>5/200 


No. (%) of Eyes Pt 














49/72 (68) 







Preoperative 
VA<5/200 
No preoperative 
iris NV 


120/281 (43) 





160/325 (49) 









Preoperative iris 

NV 

No preoperative 
NVG 


7/25 (28) 





163/337 (48) 


Preoperative 
NVG 
Mild or no 

cataract 










0/5 (0) 





124/235 (53) 


Moderate or .007 

severe 

cataract 

PRP= one fourth 
of retina 


28/81 (35) 









63/96 (66) 







PRP<one fourth 
of retina 


No lensectomy 


71/172 (41) 
100/ 184 (54) 








69/ 169 (41) 










Lensectomy 
No intraocular 


gas 119/210 (57) 





| Intraocular gas 49/142 (35) 


| .0001 















No. (96) of Eyes 


65/72 (90) 
211/281 (75) 
263/325 (81) 


268/337 (80) 


193/235 (82) 


84/96 (88) 







175/210 (83) 


Final Visual Acuityt 


——————————- M8, 


11/25 (44) 


0/5 (0) 


55/81 (68) 


128/172 (74) 
153/ 184 (83) 


123/ 169 (73) 


100/ 142 (70) 








=5/200 NLP 


——————— 
Pt No. (%) of Eyes Pt 








2/72 (3) 








20/281 (7) 










17/325 (5) 








5/25 (20) 










19/337 (6) 







2/5 (40) 








13/235 (6) 
.01 73 


6/81 (7) 











4/96 (4) 





10/ 172 (6) 
10/184 (5) 
















12/169 (7) 


| 8/210 (4) 


14/142 (10) 





*N = 353. VA indicates visual acuity; NV, neovascularization; NVG, neovascular glaucoma; and PRP, 


panretinal photocoagulation. 


+The percentages in parentheses are the number of eyes in which the factor was present divided by the 
number of eyes in which the factor could be determined. 
£The P values measure the difference between a preoperative or intraoperative factor and the absence of 


that factor. They were determined by x? analysis. 


tion of the iris, was present in only 
five eyes (1.4%) and was associated 
with a final visual acuity of less than 
5/200 in all five eyes (P = .0002). Two 
of these five eyes had NLP at final 
examination. 

Preoperative cataract of some 
degree was present in 206 (58% ) of the 
353 eyes. The optical media of a mild 
lens opacity was 20/20 to 20/50, a 
moderate lens opacity was 20/60 to 
20/100, and a severe lens opacity was 
worse than 20/100. All lens opacities 
were graded by the surgeon. The lens 
was clear or had only a mild opacity in 
235 eyes (67%), and a moderate or 
severe cataract was present in 81 eyes 
(23% ). Thirty-five percent of the eyes 
with moderate or severe preoperative 
cataract had final visual acuities of 
20/100 or better compared with 53% 
of eyes with a clear lens or minimal 
cataract (P = 007). Sixty-eight per- 
cent of eyes with a moderate or severe 
preoperative cataract had final visual 
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acuities of 5/200 or better compared 
with 82% of eyes with a clear lens or 
only mild cataract (P = .01). Seven 
percent of eyes with moderate or 
severe preoperative cataract had a 
final visual acuity of NLP compared 
with 6% of eyes with a clear lens or 
mild cataract (P =.73). Many eyes 
with clear lenses had lensectomy in 
the earlier years of this study, so 
these percentages may underestimate 
the poorer prognosis of eyes with 
moderate or severe cataracts. Thirty- 
two eyes (9%) were aphakic at the 
time of vitrectomy for vitreous hem- 
orrhage. Forty-four percent of these 
32 eyes had final visual acuities of 
20/100 or better, 78% had 5/200 or 
better, and 9% had NLP. The visual 
results in the aphakic eyes were simi- 
lar to those in the eyes that had 
lensectomy at the time of primary 
vitrectomy. 

One hundred seventy-two eyes 
(48.7% ) had lensectomy at the time of 
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primary vitrectomy. The percentage 
of eyes that underwent lensectomy 
during primary vitrectomy decreased 
from 63% (1974-1980) to 15% (1981- 
1983). The high percentage of primary 
lensectomies from 1974 to 1980 was 
due to the nearly routine practice of 
performing lensectomy during vitrec- 
tomy. Forty-one percent of the eyes 
with lensectomy had final visual acui- 
ties of 20/100 or better compared with 
54% of eyes in which the lens was not 
removed (P = .02). Seventy-three per- 
cent of the eyes with lensectomy had 
final visual acuities of 5/200 or great- 
er compared with 83% of eyes without 
lensectomy (P = .03). Seven percent 
of the eyes with lensectomy had final 
visual acuities of NLP compared with 
5% of eyes in which the lens was not 
removed (P - .67). 

One hundred fifty-nine eyes (45%) 
had no history of PRP before the 
vitrectomy. The percentage of eyes 
that had vitrectomy without prior 
PRP decreased from 52% (1974-1980) 
to 29% (1981-1983). Sixty-six percent 
of the eyes with PRP of at least one 
fourth of the fundus (approximately 
400 spots) had final visual acuities of 
20/100 or better compared with 41% 
of eyes with less PRP (P =.002). 
Eighty-eight percent of the eyes with 
PRP of at least one fourth of the 
fundus had 5/200 or better final visual 
acuities compared with 74% of eyes 
with PRP of less than one fourth of 
the fundus (P = .02). Four percent of 
the eyes with PRP of at least one 
fourth of the fundus had final vision 
of NLP compared with 6% of eyes 
with less PRP (P = .77). Nineteen eyes 
(5% ) had intraoperative xenon photo- 
coagulation. None of the eyes had 
intraoperative argon endophotoco- 
agulation. Seventy-five eyes (21%) 
had postoperative argon or krypton 
photocoagulation. 

One hundred forty-two eyes (40%) 
had intraocular air or SF6 injected at 
the end of surgery. In 54 (38%) of 
these 142 eyes, the gas was injected 
because of a definite or suspected ret- 
inal break. The remainder had gas 
injected to try to prevent early post- 
operative bleeding, usually in eyes 
that had active bleeding during sur- 
gery. Thirty-five percent of the eyes 
with intraocular gas had final visual 
acuities of 20/100 or better compared 
with 57% of eyes without the use of 
gas (P = .0001). Seventy percent of the 
eyes with intraocular gas had final 
visual acuities of 5/200 or better com- 
pared with 83% of eyes without 
intraocular gas (P = .006). Intraocu- 
lar gas was also associated with an 
increased risk of final visual acuity 
less than 5/200 in the eyes without a 
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Table 4.—Postoperative Complications in Vitrectomy for 
Nonclearing Diabetic Vitreous Hemorrhage * 


Complication No. (%) of Eyes 


Corneal opacification 31 (9) 
Postoperative iris neovascularization 83 (24) 
Postoperative glaucoma 

Neovascular 40 (11) 

Other 49 (14) 
Cataract at final examination 

None or mild 102 (79)t 

Moderate 22 (17)t 

Severe 5 (4)t 
Vitreous hemorrhage at final examination 

Moderate 16 (5) 

Severe 20 (6) 
Postoperative rhegmatogenous retinal detachment 35 (10) 


Phthisis 





* 
N = 353. 
tPercentage of phakic eyes in which cataract severity was checked (n = 129). 


known or suspected iatrogenic retinal 
break. Twenty-nine percent of the 
eyes in which intraocular gas was 
used without retinal breaks had final 
visual acuities less than 5/200 com- 
pared with 17% of eyes in which gas 
was not used (P = .02). Ten percent of 
the eyes with intraocular gas had a 
final visual acuity of NLP compared 
with 4% of eyes in which intraocular 
gas was not used (P = .04). 


Postoperative Complications 


Twenty-four percent of the eyes had 
one or more reoperations. Seventy-six 
percent of the first reoperations were 
within six months of the primary 
vitrectomy. Forty-three (51%) of the 
85 eyes that required reoperation had 
washout of a vitreous hemorrhage. 
Six percent of the eyes had two or 
more reoperations. Twenty-five per- 
cent of the eyes with one or more 
reoperations had visual acuities of 
20/100 or better at final examination 
compared with 55% of eyes that did 
not require reoperation (P = .0001). 
Fifty-three percent of the eyes with 
one or more reoperations had visual 
acuities of 5/200 or better at final 
examination compared with 86% with 
no reoperations (P = .0001). Eighteen 
percent of the eyes with one or more 
reoperations had NLP at final exami- 
nation compared with 3% of eyes 
without reoperation (P = .0001). 

Eyes that required one or more 
reoperations had several characteris- 
tics associated with a poor visual out- 
come. Fourteen percent of the eyes 
that required reoperation had preop- 
erative iris neovascularization com- 
pared with 5% of eyes that did not 
require additional surgery (P = .009). 
Five percent of the eyes with reopera- 
tion had preoperative neovascular 
glaucoma compared with 0.3% of eyes 
without reoperation (P= .02). The 
differences in the preoperative visual 
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18 (5) 





acuity, severity of preoperative cata- 
ract, amount of preoperative PRP, 
intraoperative lensectomy, and use of 
intraocular gas were not statistically 
significant. Postoperative complica- 
tions are summarized in Table 4. 
Postoperative iris neovasculariza- 
tion developed at least transiently in 
24% of the 353 eyes. In 80% of the 
eyes in which de novo postoperative 
iris neovascularization developed, it 
did so within six months of the prima- 
ry vitrectomy. The incidence of de 
novo postoperative iris neovasculari- 
zation decreased from 29% (1974- 
1980) to 11% (1981-1983) (P = .0001). 
Only 4% of the phakic eyes had post- 
operative iris neovascularization at 
final examination during 1974 to 1980 
compared with 8% during 1981 to 1983 
(P = .66). Forty-two percent of the 
aphakie eyes had postoperative iris 
neovascularization during 1974 to 
1980 compared with 12% during 1981 
to 1983 (P = .008). Twenty percent of 
all the eyes, including eyes with pre- 
operative iris neovascularization, had 
at least some degree of iris neovascu- 
larization at the final examination. 
Eighty percent of the eyes in which 
postoperative iris neovascularization 
developed had iris neovascularization 
at the final examination. Postopera- 
tive iris neovascularization developed 
in 64% of the eyes that had NLP. 
Twenty-six percent of the eyes had 
an IOP of 30 mm Hg or greater at at 
least one postoperative examination. 
This IOP elevation was transient in 
10% of the 353 eyes and was usually 
associated with clearing of residual 
vitreous hemorrhage. Only 5% of the 
eyes had IOPs of 30 mm Hg or greater 
at final examination, and most of 
these eyes had neovascular glaucoma. 
Sixteen percent of the eyes required 
medication for elevated IOP at the 
time of the final examination, and 
10% of the eyes were controlled with 


glaucoma drops alone. Six percent of 
the eyes required acetazolamide or 
methazolamide with or without other 
glaucoma therapy. Some eyes with 
glaucoma had no additional glaucoma 
therapy because of anatomic or func- 
tional visual failure. Nine percent of 
the eyes had some corneal opacifica- 
tion at the final examination. This 
was almost always associated with 
other complications, such as neovas- 
cular glaucoma or phthisis. 

Forty-nine percent of the eyes had 
lensectomy during the primary vitrec- 
tomy, 9% were aphakic before vitrec- 
tomy, and 5% had lens removal at a 
later surgery. Twenty-one percent of 
the phakic eyes had moderate or 
severe cataract at final examination. 
Seventy-nine percent of the phakic 
eyes had little or no cataract at the 
final examination. The percentage of 
phakic eyes with minimal or no cata- 
ract at final examination decreased 
from 83% (1974-1980) to 75% (1981- 
1983). The total percentage of eyes 
with minimal or no cataract increased 
from 20% to 50% between the first 
and second time intervals because of 
the decrease in lensectomy at the time 
of vitrectomy. The increased percent- 
age of clear lenses reflects increased 
efforts to preserve the crystalline lens 
during vitrectomy after it was deter- 
mined that lensectomy was associated 
with;increased risk of postoperative 
iris neovascularization.* 

Eighty-nine percent of the eyes had 
minimal or no vitreous hemorrhage at 
the final examination. The 11% with 
moderate or severe vitreous hemor- 
rhage were surgical failures, mainly 
for other reasons. Rhegmatogenous 
retinal detachment developed after 
the primary vitrectomy in 10% of the 
eyes. Rhegmatogenous retinal detach- 
ment developed within six months of 
primary vitrectomy in 81% of the 
affected eyes. One half of these eyes 
had an anatomically successful reti- 
nal reattachment operation. In the 
other half, the retinas were not reat- 
tached. Other complications, such as 
neovascular glaucoma, developed in 
many of these unreattached eyes, and 
they progressed to NLP. A traction or 
rhegmatogenous retinal detachment 
occurred in 73% of the eyes that had 
NLP. Five percent of the eyes became 
phthisical after vitrectomy. Seventeen 
percent of the phthisical eyes had 
preoperative iris neovascularization, 
and 72% had de novo postoperative 
iris neovascularization. 


COMMENT 


The overall visual results of our 
patients are similar to those of other 
series.? The DRVS Research Group’ 
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series.’ The Diabetic Retinopathy 
Vitrectomy Study Research Group’ 
reported that 63% of eyes with preop- 
erative visual acuities less than 5/200 
had visual acuities of 5/200 or better 
24 months after vitrectomy. Seventy- 
five percent of the eyes in our series 
with initial visual acuities less than 
5/200 achieved final visual acuities of 
5/200 or better (median follow-up, 16 
months). Eighty-one percent of the 
eyes in our study had final visual 
acuities that were better than the 
preoperative level. Visual improve- 
ment, defined as an improvement of 
at least one acuity group (usually sev- 
eral Snellen acuity lines), has been 
reported in 59% of the eyes in one 
study of vitrectomy for nonclearing 
vitreous hemorrhage.’ Visual im- 
‘provement was reported in 66% of the 
eyes in another study of nonclearing 
vitreous hemorrhage in which visual 
improvement was defined as an 
improvement in visual acuity of at 
least one line.’ 

We identified five preoperative and 
two intraoperative features that are 
strongly associated with a favorable 
final visual outcome by univariate 
analysis. These factors included the 
following: (1) preoperative visual acu- 
ity of 5/200 or better, (2) absence of 
preoperative iris neovascularization, 
(3) absence of neovascular glaucoma, 
(4) minimal or no preoperative cata- 
ract, and (5) PRP of at least one 
fourth of the retina. There were two 
intraoperative prognostic factors: (1) 
absence of lensectomy and (2) absence 
of use of intraocular gas. Univariate 
analysis does not control for interac- 
tions between some of these seven 
variables, such as preoperative visual 
acuity and preoperative severity of 
cataract. Multivariate analysis con- 
trols for this but requires larger sam- 
ple sizes than available in some of the 
subgroups. In a previous study that 
used a subset of this patient database, 
one preoperative factor (iris neovas- 
cularization) and one intraoperative 
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factor (lensectomy) were found to be 
associated with a statistically signifi- 
cant poorer visual outcome by univar- 
iate analysis^ This larger patient 
sample has allowed the identification 
of additional factors that are impor- 
tant in determining the visual out- 
come in patients with vitrectomy for 
nonclearing vitreous hemorrhage. 

Eyes with preoperative visual acul- 
ties of 5/200 or better were statistical- 
ly more likely to have good final visual 
acuities. This represents a group of 
eyes with clearer media and better 
retinal function at the time of vitrec- 
tomy, so it is not surprising that the 
visual outcome was better in this 
group. The poor prognostic implica- 
tions of preoperative iris neovascular- 
ization and neovascular glaucoma 
were established in previous stud- 
ies.^*/9!! The decrease in de novo post- 
operative iris neovascularization dur- 
ing the study intervals of 1974 to 1980 
and 1981 to 1983 may relate to the 
decreased use of lensectomy and 
increased use of PRP. The visual prog- 
nosis is better if the crystalline lens is 
clear or has only mild cataract 
changes compared with eyes with a 
moderate or severe cataract. Ninety- 
five percent of the eyes with moderate 
or severe cataract had lensectomy at 
the time of vitrectomy, so the deleteri- 
ous effect of lensectomy on the final 
visual acuity may explain the poorer 
results when a preoperative cataract 
was present. Panretinal photocoagu- 
lation of at least one fourth of the 
retina was associated with a better 
visuai prognosis. This beneficial effect 
of PRP was not statistically signifi- 
cant in previous studies.*'* However, 
preoperative laser treatment has been 
found to be associated with a reduced 
incidence of unfavorable prognostic 
factors, such as postoperative iris 
neovascularization and neovascular 
glaucoma." 

Lensectomy was associated with a 
statistically significant poorer visual 
outcome. This agreed with one previ- 
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the use of intraocular gas only in eyes 
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ing. 

The results of this study confirm 
the results of previous studies and 
identify new risk factors in vitrecto- 
my for diabetic vitreous hemorrhage. 
The visual results in eyes with non- 
clearing vitreous hemorrhage im- 
proved significantly at the 20/100 or 
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and 1981 to 1983. This improvement is 
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tive vision, decreased incidence of len- 
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Vitrectomy sooner after the onset of 
vitreous hemorrhage in type I diabet- 
ics was demonstrated to improve the 
visual prognosis.’ Identification of the 
risk factors associated with a poor 
visual outcome and efforts to mini- 
mize the operative risk factors may 
help to improve the results of vitrec- 
tomy for nonclearing vitreous hemor- 
rhage in diabetic retinopathy. 
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Vitrectomy for 





Progressive Proliferative Diabetic Retinopathy 


Serge de Bustros, MD; John T. Thompson, MD; Ronald G. Michels, MD; Thomas A. Rice, MD 


@ We analyzed the results of 105 dia- 
betic vitrectomy cases. The vitrectomies 
were performed for progressive fibrovas- 
cular proliferation that caused epiretinal 
membranes, vitreopapillary traction, flor- 
id neovascularization, or subhyaloid hem- 
orrhage, with or without substantial pre- 
operative visual loss. Eyes with inactive 
retinal neovascularization, dense vitreous 
hemorrhage, traction retinal detachment 
involving the macula, or combined trac- 
tion and rhegmatogenous retinal detach- 
ment were excluded. Seventy-four eyes 
(70%) had improved final vision. The final 
vision was unchanged in eight eyes (8%) 
and was worse in 23 eyes (22%). Factors 
associated with a favorable visual progno- 
sis included the following: (1) age of 40 
years or less, (2) preoperative visual acu- 
ity of 5/200 or better, (3) absence of 
preoperative iris neovascularization, (4) 
preoperative panretinal photocoagula- 
tion, and (5) absence of an iatrogenic 
retinal break. 

(Arch Ophthalmol 1987;105: 196-199) 


V itrectomy is often used to treat 

eyes with severe complications 
from proliferative diabetic retinopa- 
thy. These are the most common indi- 
cations for vitrectomy: (1) nonclear- 
ing vitreous hemorrhage,'^ (2) trac- 
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tion retinal detachment with macular 
involvement,*'? and (3) combined trac- 
tion and rhegmatogenous retinal 
detachment." Vitrectomy is also per- 
formed in other cases of severe prolif- 
erative diabetic retinopathy that have 
progressive fibrovascular prolifera- 
tion, that is, relentless growth of 
fibrovascular tissue, despite scatter 
retinal photocoagulation. Although a 
majority of such eyes have substantial 
preoperative visual loss, some have a 
preoperative visual acuity of 20/100 or 
better. In eyes with progressive fibro- 
vascular proliferation, the surgical 
objective is to remove the posterior 
vitreous surface with as much of the 
fibrovascular tissue as possible to 
improve the visual acuity and/or to 
prevent further structural damage.'?' 
We present herein the results of 
vitrectomy in 105 eyes operated on for 
progressive fibrovascular prolifera- 
tion without substantial vitreous 
hemorrhage, retinal detachment in- 
volving the macula, or traction and 
rhegmatogenous retinal detachment 
with preoperative retinal breaks. 


MATERIALS AND METHODS 


We reviewed the charts of 105 consecu- 
tive eyes that underwent pars plana vitrec- 
tomy for proliferative diabetic retinopathy 
with progressive fibrovascular prolifera- 
tion but without dense vitreous hemor- 
rhage, traction retinal detachment involv- 
ing the macula, or combined traction and 
rhegmatogenous retinal detachment. Eyes 
with inactive or atrophic retinal neovascu- 
larization were also excluded. The severity 
and activity of retinal neovascularization 
were determined by indirect ophthalmos- 
copy. The preretinal neovascular tissue 
was considered active when it had promi- 


nent dilated new blood vessels. Inactive or 
atrophic neovascular tissue was mestly 
fibrous with no or minimal new Hood 
vessels. Active retinal neovascularizetion 
was subdivided into mild, moderate or 
severe. In eyes with mild retinal neovescu- 
larization, the new blood vessels covered 
an area smaller or equal to 2 disc dizme- 
ters (DD). Eyes with moderate retinal 
neovascularization had new biood vessels 
that covered an area greater than 2 DD 
and smaller than 10 DD. Eyes with severe 
retinal neovascularization had new Hood 
vessels that covered an area greater -han 
10 DD. The surgical techniques used were 
published previously.'*'* Briefly, the major 
steps of the operation include the fol ow- 
ing: (1) removal of axial opacities, (2) 
removal of the posterior vitreous surface 
with relief of anteroposterior traction. (3) 
removal and/or segmentation of fibrowas- 
cular tissue with relief of tangential trac- 
tion, and (4) hemostasis. More complete 
removal of fibrovaseular tissue is usually 
possible in eyes with active neovascalar 
proliferation and limited or absent retinal 
detachment than in eyes with more retinal 
detachment. Bleeding is usually contrdled 
by elevating the intraocular pressure and 
by applying bipolar diathermy to the ecges 
of fibrovascular tissue. 

The study population consisted of 105 
eyes in 98 patients. Fifty-three eyes vere 
from men, and 52 eyes were from women. 
The patients ranged in age fram 20 te 72 
years (mean age, 40 years; median age, 35 
years). Thirty eyes (29% ) had no preopera- 
tive panretinal photocoagulation (PEP), 
and 48 eyes (46%) had full preopera-ive 
PRP (at least 1500 laser applications). The 
remaining 27 eyes (25%) had partial pre- 
operative PRP. The follow-up interval 
ranged from six months to 89 morths 
(mean, 17 months; median, 13 months). 

For each eye, 29 factors related to the 
preoperative examination, seven related to 
the operative procedure, and 82 related to 
the postoperative examinations were 
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Preoperative 
VA => 5/200 
Preoperative 
VA < 5/209 
No preoperative iris 
NV 
Preoperative ‘ris NV 
Mild or no cataract 


Moderate or severe 
cataract 


PRP => one feurth 
retina 


PRP < one fourth 
retina 


No iatrogenic ^ole 
latrogenic hole 


*VA indicates visual acuity; NV, neovascularization; PRP, panretinal photocoagulation; TRD, traction retinal detachment; NA, not applicable; and NS, not 


significant. 


No. of 
Eyes 


Mantel-Haenszel 96 of 
Test, P Eyes 


tA P value less than .05 was considered statistically significant. 


recorded. Anz:ysis of prognostic factors 
was performec, and determination of sta- 
tistical significance was made using the x? 
test incorporating the Yates' correction 
factor. The preoperative and postoperative 
visual acuities were measured indepen- 
dently by an aphthalmic technician using 
the standard Snellen chart and the 20/200 
E. Hand motion, counting fingers, light 
perception, and no light perception (NLP) 
were measurec using the brightest light of 
an indirect opthalmoscope. 

The patient population was divided into 
five subgroups for further analysis based 
on preoperative visual acuity and the pri- 
mary cause of visual loss. Group 1 eyes had 
preoperative wisual acuities of 20/100 or 
better, and eyes from groups 2 to 5 had 
preoperative visual acuities worse than 
20/100. The camses of visual loss in groups 


F *2to 5 includec epiretinal membranes that 


a 


covered or distorted the macula (group 2), 
vitreopapillary traction, in which the 
visual loss was probably due to vitreous 
traction on the optic nerve that impaired 
the axoplasmic flow (group 3), florid neo- 
vascularization that covered the posterior 
pole, in which specially prominent dilated 
retinal new bleod vessels covered an area 
of at least 6 DD (group 4), and subhyaloid 
hemorrhage (group 5). The Mantel-Haens- 
zel test? was performed to determine if the 
degree of assoviation found between prog- 
nostic factors and final visual outcome was 
consistent over the five groups. Five eyes 
with preoperative visual acuities worse 
than 20/100 were excluded because the 
primary cause of decreased vision could 
not be determined. Of course, many of 
these eyes hac multiple features of severe 
proliferative diabetic retinopathy and 
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Table 2.—Final Visual Acuity After Vitrectomy for 
Progressive Proliferative Diabetic Retinopathy 


Total 
No. of 


Group* Eyes Better Same 


Visual Acuity, No. (%) of Eyes 
pme ee Es _ =, 
Worse 


= 20/100 =5/200 <5/200 


5| 18 


16 (89) a 2 (11) 





10 (56) 16 (89) 2 (11) 


* Eyes from group 1 had preoperative visual acuities of 20/ 100 or better. Eyes from groups 2 to 5 had 


preoperative visual acuities worse than 20/ 100. 


tEpiretinal membranes covered or distorted the macula. 


¢Vitreopapillary traction. 


§Florid neovascularization covered the posterior pole. 


|| Subhyaloid hemorrhage. 


more than one cause of visual loss; howev- 
er, we attempted to determine the main 
cause of visual loss for each eye. 


RESULTS 


Fifty-two (50%) of the 105 eyes 
achieved a final visual acuity of 20/ 
100 or better, 80 eyes (76% ) achieved a 
final visual acuity of 20/400 or better, 
and 86 eyes (82%) achieved a final 
visual acuity of 5/200 or better. Seven- 
ty-four eyes (70%) had better final 
vision than preoperative vision. The 
visual acuity worsened in 23 eyes 
(22%) and was unchanged in eight 
eyes (8%). Twelve eyes (11%) had 
NLP at the final examination. 

Several preoperative and intraoper- 
ative factors were associated with a 


statistically greater likelihood of a 
final visual acuity of 5/200 or better 
(Table 1): (1) age of 40 years or less, 
(2) preoperative visual acuity of 5/200 
or better, and (3) absence of preopera- 
tive iris neovascularization. Factors 
associated with a greater likelihood of 
final visual acuity of 20/100 or better 
included the following: (1) age of 40 
years or less, (2) preoperative visual 
acuity of 5/200 or better, and (3) PRP 
of at least one fourth of the retina. 
Absence of iatrogenic retinal breaks 
was the one intraoperative factor 
associated with a greater likelihood of 
a final visual acuity of 5/200 or better. 
The presence of traetion retinal 
detachment did not influence the 
visual outcome. 
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The final visual acuity results in 
each group are given in Table 2. The 
relationship of the preoperative prog- 
nostic factors with final visual out- 
come was found to be consistent over 
the five subgroups. The Mantel- 
Haenszel test, which tested for associ- 
ation between the factors while strat- 
ifying by the five subgroups, sup- 
ported the univariate results found in 
Table 1. However, the factor iatrogen- 
ic retinal hole, which was found to be 
associated with final visual outcome 
in the univariate analysis, was no 
longer significant on the basis of the 
Mantel-Haenszel test for final visual 
acuities of 5/200 or greater (P > .05) 
or NLP (P » .5). This indicates that 
the relationship of retinal holes and 
final acuity was not consistent over 
the five subgroups. The number of 
patients in each group was small and 
precludes comparison of statistical 
significance among the five groups. 
However, patients with florid neovas- 
cularization appeared to have the 
worst results: two of five eyes had a 
final visual acuity worse than 5/200. 


COMPLICATIONS 


Iatrogenic retinal breaks occurred 
during vitrectomy in 19 eyes (1846), 
and intraoperative retinal detach- 
ment developed in five of these 19 
eyes. The retinal breaks were treated 
with transcleral cryotherapy and flu- 
id-gas exchange. In addition, a scleral 
buckle was added in 16 of the 19 eyes 
because of residual traction adjacent 
to the retinal break. 

Eighteen eyes (1776) had one or 
more reoperations. Most of the re- 
operations were to remove vitreous 
hemorrhage. Three eyes (3%) under- 
went reoperation for rhegmatogenous 
retinal detachment. 

Postoperative iris neovasculariza- 
tion developed in 14 eyes (13%). Six 
(4375) of these 14 eyes were aphakic, 
and in five phakic eyes (36%) there 
was persistent retinal detachment. 
Three eyes (21%) with iris neovascu- 
larization had no retinal detachment 
and were not aphakic. Treatment of 
postoperative iris neovascularization 
consisted of PRP or retinal reattach- 
ment surgery. Five (4276) of 12 eyes 
that had NLP at final examination 
probably failed because of neovascu- 
lar glaucoma. The retina could not be 
visualized in these five eyes, and reti- 
nal detachment may have been the 
primary cause of failure. 

Seventy-four eyes (71% ) were phak- 
ic with little or no cataract at final 
examination. Sixteen eyes (15%) 
underwent lensectomy during the pri- 
mary vitrectomy, three eyes (3%) 
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were aphakic before vitrectomy, and 
six eyes (6%) had lens removal after 
the primary vitrectomy. Five eyes 
(5% ) had moderate or severe cataract 
at final examination. These five eyes 
would probably benefit from cataract 
surgery at a later date; this was not 
considered at the time because of sat- 
isfactory vision in the fellow eye. 

Ninety-four eyes (90%) had mini- 
mal or no vitreous hemorrhage at 
final examination. Retinal neovascu- 
larization was absent or atrophic in 80 
eyes (76%) at the final examination. 
Twelve eyes (11%) had mild residual 
neovascularization. In 14 eyes (13%), 
the retinal neovascularization was 
severe or the amount could not be 
determined because of media opaci- 
ties. These eyes were both anatomic 
and functional failures. 

Postoperative PRP was done in 18 
eyes (17%). At final examination, 55 
eyes (52%) had had full PRP (1200 to 
1500 laser applications). Twenty-nine 
eyes (28%) had had partial PRP. 
Twenty-one eyes (20%) had had no 
PRP. 


COMMENT 


The visual outcome in eyes with 
severe proliferative diabetic retinopa- 
thy is poor,” and 45% of eyes with an 
initial visual acuity of 20/60 to 20/100 
progress to a visual acuity of 5/200 or 
less within two years.” Early vitrecto- 
my before severe visual loss occurs 
has been recommended to prevent lat- 
er blindness by removing the posteri- 
or vitreous surface and the fibrovas- 
cular __ proliferation.^? ^ Previous 
studies showed that the anatomic? 
and functional results??$ are remark- 
ably stable after initially successful 
surgery. This is probably because the 
posterior vitreous surface is a neces- 
sary scaffold for substantial extrare- 
tinal fibrovascular proliferation.” 

Preretinal fibrovascular prolifera- 
tion sometimes progresses despite 
PRP. At other times, the structural 
damage is advanced by the time the 
patient seeks medical attention, and 
scatter retinal photocoagulation is 
ineffective in causing regression of 
the vascular proliferation or is consid- 
ered hazardous. Vitrectomy is usually 
reserved for eyes with severe visual 
loss due to nonclearing vitreous hem- 
orrhage, traction retinal detachment 
involving the macula, or combined 
traction and rhegmatogenous retinal 
detachment. In these cases, vitreous 
surgery is the most effective thera- 
peutic option."" In cases with other 
indications, the role of vitrectomy is 
less certain, and this analysis was 
done to evaluate the results of surgery 


for the less frequent indication of 
progressive fibrovascular prolifera- 
tion causing or threatening visual loss 
due to other mechanisms. 

In our study, five factors were asso- 
ciated with a favorable visual progno- 
sis: (1) age of 40 years or less, (2) 
preoperative visual acuity of 5/200 or 
better, (3) absence of preoperative iris 
neovascularization, (4) preoperative 
PRP, and (5) absence of an iatrogenic 
retinal break. One should realize that 
the lack of correlation of certain fac- 
tors with success or failure may relate 
either to an inadequate sample size or 
to a true lack of association. Interest- 
ingly, in another study," we found 
that younger patients had a higher 
incidence of eyes that progressed to 
NLP after vitrectomy. These results 
are probably not contradictory and 
may reflect the increased severity of 
the disease in some young patients, in 
whom the time frame appears to be 
compressed. Thus, success or failure is 
evident in a short time. Preoperative 
iris neovascularization in patients 
with no retinal detachment or limited 
detachment probably reflects an espe- 
cially active disease process with a 
worse prognosis. The beneficial effect 
of PRP has been demonstrated by 
previous studies." The absence of 
iatrogenic retinal breaks correlated 
with a favorable visual prognosis in 
this study. These cases had surgery 
before endolaser photocoagulation 
was available, and intraoperative 
laser photocoagulation may now 
improve the prognosis for eyes with 
iatrogenic retinal breaks. 

When categorized into subgroups, 
patients with florid neovasculariza- 
tion appeared to have the worst out- 
come, although there were only five 
eyes in this category. This is not sur- 
prising, since these eyes present spe- 
cial problems at the time of surgery, 
such as severe bleeding and extensive 
dissection of fibrovascular tissue. 
Recently, we have been adding throm- 
bin to the infusate in cases of persis- 
tent bleeding. 

Patients with good initial vision 
(group 1) generally did well, and this 
is in agreement with previous 
reports.'^? However, 9% of these eyes 
had a final visual acuity of 5/200 or 
less. Blood in the subhyaloid space 
may promote fibrous tissue forma- 
tion,'^'^ and early vitrectomy in eyes 
with this condition (group 5) also 
yielded good results. Vitreopapillary 
traction as a cause of visual loss has 
not been emphasized previously. The 
mechanism of visual loss in these eyes 
(group 3) is unclear and may be due to 
vitreous traction interfering with 
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nerve fiber conduction or the axoplas- 
mic flow. In this study, the results 
were favorable and vision improved in 
68% of the eyes. 

After an anatomically successful 
operation, the final visual acuity 
depends on the amount of permanent 
macular damage from previous trac- 
tion detachment, capillary loss, or 
cystoid maeular edema. The visual 
results in this series cannot be proper- 
ly compared with those of previously 
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published reports because of different 
entry criteria and because of lack of 
sufficient details about entry criteria 
in other series. Still, our results are in 
agreement with those of previous 
reports that show a beneficial effect 
from early vitrectomy.*'?> Conclusive 
evidence for the role of early vitrecto- 
my in severe proliferative diabetic 
retinopathy can only be obtained 
through a properly designed prospec- 
tive randomized clinical trial such as 
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Intraocular Pressure Assessment in 


Gas-Filled Eyes Following Vitrectomy 


Lon S. Poliner, MD, Lawrence H. Schoch, MD 


e The accuracy and precision of tono- 
metric methods in measuring intraocular 
pressure (IOP) was assessed in 24 eye- 
bank eyes subjected to pars plana lensec- 
tomy/vitrectomy and air-fluid exchange. 
Intraocular pressure was measured in 
masked fashion with a Perkins' applana- 
tion tonometer, pneumatic applanation 
tonometer, and Schiotz’ indentation 
tonometer; a mercury manometer served 
as a reference standard. Pneumatic 
tonometry underestimated actual IOP by 
as much as 25%, and Schiotz’ indentation 
tonometry underestimated actual IOP by 
as much as 79%. Perkins’ applanation 
tonometry was significantly more accu- 
rate in estimating actual IOP in gas-filled 
eyes than pneumatic tonometry or 
Schiotz’ indentation tonometry. 

(Arch Ophthalmol 1987; 105:200-202) 


he injection of various inert gases 

into the vitreous cavity to flatten 
and support a detached retina is of 
proven value.'? Previous studies** doc- 
umented that inert gases expand 
within the vitreous cavity and that 
the increased volume is not accompa- 
nied by a substantial change in 
intraocular pressure (IOP); however, 
in these studies IOP was assessed by 
high-displacement Schiotz indenta- 
tion tonometry. Other investigators” 
suggested that Schiotz’ indentation 
tonometry significantly underesti- 
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mates IOP in clinical settings using 
compressible gases. Several studies?" 
identified pneumatic tonometry as an 
accurate method of assessing IOP in 
the presence or absence of intraocular 
gas in the anterior chamber, but a 
subsequent investigation" concluded 
that the pneumatic applanation 
tonometer was an indentation device, 
with pressure determinations com- 
pressed in scale. The present study 
examines the accuracy and precision 
of tonometric devices in assessing IOP 
in gas-filled eye-bank eyes following 
pars plana lensectomy/vitrectomy. 
With the increasing use of inert gases 
in vitreoretinal procedures, an assess- 
ment of the accuracy of available 
tonometric devices in gas-filled eyes 
becomes meaningful in the consider- 
ation of postoperative patient care. 


MATERIALS AND METHODS 


The study used 24 human eyes obtained 
from the St Louis Eye Bank within ten 
hours post mortem. Eyes that had under- 
gone previous intraocular surgery or sus- 
tained recent injury were excluded from 
the study. 

Following careful anterior segment 
inspection, each study eye was placed on an 
acrylic stand with sufficient support for 
the surgical procedure. Under direct 
microscopic visualization, pars plana 
vitrectomy and lensectomy were per- 
formed using a vitrectomy suction cutter, 
endoilluminator, and infusion line with 
balanced salt solution. Residual lens mate- 
rial was retrodisplaced into the posterior 
vitreous cavity. At the conclusion of the 
procedure, the infusion line was connected 
to an air infusion unit, and a total air-fluid 
exchange was performed. The sclerotomies 
were then closed with 5-0 nylon sutures, 
and a mercury manometer was incorpo- 
rated into the infusion line by means of a 
three-way stopcock. The volume of dead 
space was minimized by placing the 


manometer connections within 2 cm of the 
globe. To verify that an air-tight closure 
was achieved in each eye, the infusion line 
was clamped while the IOP was monitored 
manometrically for stability. 

The IOP within each gas-filled eye was 
varied by selecting settings on the air 
infusion unit, and the observer was masked 
as to the pressure setting and manometer 
reading. Intraocular pressure was assessed 
in random order with a Perkins' applana- 
tion tonometer, pneumatic applanation 
tonometer (Digilab, Cambridge, Mass), and 
Schiotz’ indentation tonometer. Actual 


IOP was determined by the mercury 


manometer before and after the applica- 
tion of each tonometric deviee, and the 
infusion line was clamped adjacent to the 
globe during application of each device to 
minimize dead-space error. Three separate 
estimates of IOP were made with each 
tonometer in random order at each pres- 
sure level. 


RESULTS 


Readings using Perkins’ applana- 
tion tonometry (Fig 1), pneumatic 
applanation tonometry (Fig 2), and 
Schiotz’ indentation tonometry (Fig 3) 
were recorded. A least squares’ linear 
regression for each device was also 
determined. 

The accuracy of each tonometric 
device was calculated by determining 
the mean of the absolute deviation of 
each device from actual IOP at 5-mm 
increments between 5 and 50 mm Hg 
for the 24 study eyes, with a smaller 
numerical value corresponding to a 
greater accuracy. Student’s ¢ test 
analyses identified the statistical sig- 
nificance of the difference in accuracy 
between tonometers (Table 1). The 
precision or reproducibility of each 
tonometric device was determined by 
calculating the mean of the standard 
deviations of each device at 5-mm 
increments between 5 and 50 mm Hg 
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Perkins’ Applanation Pressure, mm Hg 


0 ^10 20 30 40 50 60 70 80 


Mamometric Pressure, mm Hg 


Fig 1.—Perkims’ applanation tonometer vs 
mercury manometer readings in 24 eyes. 
Values are expressed as mean + SD. Least 
squares’ linear regression is as follows: Per- 
kins’ reading = 1.00 X manometric reading 
= 0.35. 








Tonometric Device 
Perkins’ appianation tonometer 
Pneumatic eppianation tonometer 
Schiotz' indentation tonometer (5.5-g weight) 
Schiotz' indentstion tonometer (7.5-g weight) 
Schiotz' indentation tonometer (10-g weight) 








Table 1.—Accuracy of Tonometric Devices * 





Pneumatic Applanation Pressure, mm Hg 


10 20 30 40 50 60 70 80 


Manometric Pressure, mm Hg 


Fig 2.—Pneumatic applanation tonometer vs 
mercury manometer readings in 24 eyes. 
Values are expressed as mean + SD. Least 
squares' linear regression is as follows: 
Pneumatic applanation tonometer read- 
ing = 0.73 X manometric reading + 2.01. 


Accuracy, Student's fig 
mm Hg Test Scoret 
0.22 eine 
6.93 4.65 
13.17 25.83 
16.35 18.13 


20.58 





17.07 


* Accuracy issdefined as the mean of the absolute deviations of each device from the actual intraocular 
pressure at 5-mm increments between 5 and 50 mm Hg. 
tBased on comparison with Perkins’ applanation tonometer (P < .001 for all comparisons). 





Schiotz’ indentation tonometer (10-g weight) 





Table 2.—Precision of Tonometric Devices " 


Precision, Student’s fig 
Tcnometric Device mm Hg Test Scoret 
Perkins’ appianation tonometer 0.51 "P^ 
Schiotz' indentation tonometer (5.5-g weight) 2.51 6.848 










3.40 7.248 





* Precision is Gefined as the mean of the standard deviations of each device at 5-mm increments between 5 


and 50 mm Hg. 


tBased on comparison with Perkins’ applanation tonometer. 


£P» 0.1. 
8P < .001. 


for the 24 szudy eyes, with a smaller 
numerical value corresponding to a 
greater precision. Student's ¢ test 
analyses were also conducted to iden- 
tify the statistical significance of the 
difference ir precision among tonome- 


ters (Table 2). 
COMMENT 


Previous studies that evaluated the 
effects of expansile gases on vitreous 
volume used Schiotz’ indentation 
tonometry to assess IOP.** Moses’ 
suggested that Schiotz’ indentation 
tonometry underestimates actual IOP 
because gases are readily compressed 
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by high-displacement tonometry. The 
magnitude of the underestimate was 
dependent on the volume of gas, the 
level of IOP, and the tonometer plung- 
er load. In a study of 75 patients 
following scleral buckling procedures, 
Harbin et al? found that Schiotz’ 
indentation tonometry  underesti- 
mated actual IOP because of dimin- 
ished ocular rigidity. In a study of five 
enucleated human eyes, Aronowitz 
and Brubaker? replaced the vitreous 
with 0.8, 1.6, and 2.4 em? of air. Signif- 
icant differences were found at all 
pressure levels between the actual 
IOP and the measurements from 
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Schiotz' Indentation Pressure 
(5.5-g Weight), mm Hg 


O 10 20 30 40 50 60 70 80 


Manometric Pressure, mm Hg 


Fig 3.—Schiotz’ indentation tonometer (5.5-g 
weight) vs mercury manometer readings in 24 
eyes. Values are expressec as mean + SD. 
Least squares' linear regression is as follows: 
Schiotz’ (5.5-g weight) reading = 0.89 
X manometric reading — 10 19. 


Schiotz’ indentation tenometry. The 
authors concluded that uncertainties 
concerning bubble volume made it 
imperative that IOP be monitored 
with a low-displacement device. 

In manometric studies of enucle- 
ated human eyes, Langham and 
McCarthy’ found pneumatic tonome- 
try to provide an accurate estimate of 
IOP. The volume of corneal indenta- 
tion was similar to that induced by 
Goldmann applanation tonometry, 
suggesting that the measurement of 
IOP was independent of ocular rigidi- 
ty. In a study of eight cannulated 
rabbit eyes, Killey et al found pneu- 
matic tonometry to be accurate in the 
presence of a small air bubble in the 
anterior chamber. Quigley and 
Langham” conducted comparative 
IOP measurements mace with a pneu- 
matic applanation tonometer and 
Goldmann applanation tonometer in 
human subjects and found close 
agreement between the tonometric 
measurements with a significantly 
higher mean pressure when using the 
pneumatic applanation tonometer. 
Moses and Grodzki" found the pneu- 
matic applanation tonometer scale 
reading to vary with the force applied 
to the cornea. At low IOP, the force of 
application was relatively greater 
than at a high IOP, resulting in com- 
pression of the scale and an overesti- 
mate of IOP. At high IOP, the pneu- 
matic applanation tonometer under- 
estimated actual IOP. Moses and 
Grodzki concluded that the pneu- 
matic applanation tonometer was an 
indentation tonometer, with a com- 
pression of the tonometer scale depen- 
dent on actual IOP. 

In assessing Goldmann applanation 
tonometry in enucleated human eyes, 
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Moses" identified a significant under- 
estimate of IOP in eyes studied after 
ten hours post mortem. For this rea- 
son, all eyes used in our study were 
subjected to the operative procedure 
within ten hours post mortem. 

In the present study, Perkins' 
applanation tonometry  underesti- 
mated IOP up to 8%, while pneumatic 
tonometry overestimated IOP up to 
23% at low-pressure levels and under- 
estimated IOP up to 25% at high- 
pressure levels. Schiotz’ indentation 
tonometry underestimated actual IOP 
up to 51% with the 5.5-g weight, up to 
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67% with the 7.5-g weight, and up to 
79% with the 10-g weight. Perkins’ 
applanation tonometry was signifi- 
cantly more accurate than pneumatic 
tonometry (P<.001) or Schiotz 
indentation tonometry (P < .001), 
suggesting that these latter tech- 
niques are indentation methods 
affected by gas compressibility. Per- 
kins’ applanation tonometry and 
pneumatic tonometry were found to 
be precise (reproducible) methods of 
IOP assessment, while Schiotz’ inden- 
tation tonometry was imprecise 
(P < .001) and inaccurate. Calibration 
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Thrombin Infusion to Control Bleeding 


During Vitrectomy for Stage V 


Retinopathy of Prematurity 


Paul A. Blac arski, MD, Steven T. Charles, MD 


e We prosoectively studied 36 consec- 
utive prematere infants with the diagnosis 
of retinopathw of prematurity stage V with 
total tractiom retinal detachment who 
underwent ^nsectomy/vitrectomy and 
epiretinal membrane delamination. The 
first 26 patents underwent vitrectomy 
using thrombin mixed with Balanced Salt 
Solution Plus at a concentration of 100 
U/mL and the remaining ten patients had 
pure Balanced Salt Solution Plus used. 
Intraoperative and postoperative bleed- 
ing were moritored. The overall intraoper- 
ative bleeding rate was 92% (33/36). 
intraoperative bleeding (19% vs 80%) and 
bleeding at the time of wound closure (4% 
vs 30%) wer both significantly reduced 
in the thrombin vs no thrombin group. 

(Arch Oph«halmol 1987;105:203-205) 


Sugicel sorrection, including vi- 
trectoray, for traction retinal 
detachmenf resulting from retinopa- 
thy of prematurity (ROP) was first 
reported ir 1981.'? In January 1977 
one of us (S T.C.) performed a success- 
ful lensectomy/vitrectomy for stage V 
total tractien retinal detachment sec- 
ondary to ROP.' Other reports have 
followed" Hemorrhage has been 
a significant intraoperative compli- 
cation. Other reports on the surgical 
correction of retinal detachment 
associated with ROP included use of 
scleral buexling,''’ cryopexy,'*” xe- 
non,5/92 ard argon.” Both closed and 
open-sky ~itrectomy”™ approaches 
have been utilized and have been 
fraught wit complications, including 
hemorrhage, retinal tears, frequent 
reproliferafion, and corneal decom- 
pensation. 

The use of thrombin to control 
intraocular bleeding confined to the 
anterior clamber was first reported 
by Savory^ in 1947 and later by 
Hughes” ir 1950. The latter article 
reported its use in the anterior cham- 
ber to control hemorrhage during sur- 
gical inte-vention for traumatic 
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hyphema. It was successful for all 
seven cases reported. Intraocular use 
of thrombin in humans has not, to our 
knowledge, subsequently been re- 
ported since then until recently." 

We undertook a study to determine 
whether thrombin infusion during 
vitrectomy on patients with ROP will 
control bleeding during and in the 
immediate postoperative period in 
hopes of preventing recurrent prolif- 
eration and improving the overall suc- 
cess rate. At present, bleeding during 
surgery and on closing has been a 
major complication and occurs in 
approximately 70% to 80% of 
patients. We believe that bleeding 
contributes to the high percentage of 
recurrent proliferation of scar tissue 
in these patients. Both experimental 
and clinical observations have shown 
that fibrovascular proliferation fol- 
lowing perforating injuries is directly 
related to blood in the vitreous cavi- 
ty.*? More recent studies have linked 
serum components such as fibronectin 
and platelet-derived growth factor as 
chemoattractants for retinal pigment 
epithelial cells,* astrocytes,” fibro- 
blasts,” and other cellular prolifera- 
tion.? Whether this directly applies to 
these cases is not completely clear. 

The recent work by de Bustros and 
coworkers? and Thompson and co- 
workers? has demonstrated the effec- 
tiveness of intraocular thrombin in 
controlling bleeding intraoperatively 
in diabetic patients. One of us (P.A.B.) 
suggested the use of thrombin during 
vitrectomy for ROP where intraoper- 
ative bleeding is common. Toxic side 
effects have not been demonstrated in 
the animal model.? There has been a 
20% incidence of postoperative in- 
flammation and sterile hypopyon 
reported when used during diabetic 
phakic vitrectomy.” All responded to 
topical steroid therapy. 


METHODS 


One of us (S.T.C.) performed closed len- 
sectomy/vitrectomy and membrane de- 
lamination on all of the 36 eyes with the 
diagnosis of ROP stage V with total trac- 
tion retinal detachment. After an initial 
series of nearly 600 patients, bleeding has 
been a significant complication. All sur- 
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gery was performed with the patient under 
general anesthesia with intubation. The 
procedure was carried out through two 
sclerotomy stab incisions 0.5 to 1.0 mm 
posterior to the limbus with the 20-gauge 
shank 1.4-mm lancet tip microvitreoretinal 
blade in the superonasal and superotempo- 
ral quadrants. This location results in a 
ciliary body entry and avoids the subreti- 
nal space. A 30° angulated 20-gauge infu- 
sion cannula (May) is used in the nasal 
sclerotomy. The biomicroscope with coaxi- 
al illumination is used without a contact 
lens. 

Lensectomy is performed with an aspi- 
rating ultrasonic fragmentor through the 
temporal wound. Continuous aspiration 
and fragmentation are used to avoid over- 
heating of the sclera. The anterior and 
posterior capsule are removed in conjunc- 
tion with lens material. During this por- 
tion of the procedure the infusion bottle 
with Balanced Salt Solution (BSS) Plus is 
elevated to at least 150 em above the 
patient and suction is raised to 150 mm Hg. 
The power setting for the ultrasonic frag- 
menter (Fragmatome) is set on maximum. 
Following lensectomy the infusion bottle is 
lowered to the normal operating height of 
approximately 60 em above the patient. 
Depending on the group to which the 
patient belongs, experimental or control, 
the infusion is changed to the thrombin 
mixture for the experimental group and 
left with BSS Plus for the control group. 
Modified Sutherland scissors (Grieshaber) 
are used to delaminate epiretinal scar tis- 
sue. At the completion of this dissection 
the vitrector (Microvit) is used to remove 
the delaminated scar tissue. Plain BSS 
Plus is used to irrigate the residual throm- 
bin mixture from the eye. The sclerotomies 
are closed with running $-0 nylon sutures 
during which time a 22-gauge Jelco cannu- 
la is used in the temporal sclerotomy to 
maintain eye pressure. A figure-eight 
suture is used around this cannula and 
drawn tight as the assistant withdraws the 
cannula. The conjunctiva is then closed 
with interrupted 6-0 plain gut suture. Sub- 
conjunctival injections of tobramycin (To- 
brex), cefamandole nafate (Mandol), and 
triamcinolone acetonide (Kenalog) are 
then used and the eye is patched. The eyes 
were examined at one day and six weeks. 

The same observer (P.A.B.) monitored 
bleeding for all patients intraoperatively 
and postoperatively. A grading system of 0 
to 4 was used to grade the maximum 
severity observed, where 0 represents no 
bleeding and 4 represents uncontrollable 
bleeding. Grade 1 is trace bleeding that 
ceases in less than 5 s; grade 2 stops in 5 to 
10 s; and grade 3 stops in 11 to 20 s. 
Elevation of the bottle was not changed 
during the study to control bleeding when 
thrombin was used. When the thrombin 
mixture was not used and excessive or 
uncontrolled bleeding was encountered, 
infusion pressure was elevated according- 
ly. Bipolar cautery or diathermy was not 
used in any of the cases. This can cause 
excessive retinal necrosis and perforation. 
On the first postoperative day the eyes 
were again examined by direct visualiza- 
tion and indirect ophthalmoscopy for any 
further bleeding or induced inflammation. 
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3/11/M + 

4/10/M OS 0 o 

5/8/M OD ka 1+ 0 

6/8/F OD 2+ 1+ o 

9/8/F OS 4+ 2+ 1+ D 
10/7/M OS t+ 0 0 
11/9/M OD 1+ 2+ 1+ D 
12/9/F OS 1+ 0 0 
13/23/F OS 1+ 0 0 
14/25/M OS 1+ 0 0 
15/24/M OS 1+ 0 0 
16/14/F OS 3+ 0 0 
17/14/F OS 1+ 0 0 
18/7/M OD 2+ 0 0 
19/30/F OD Tt 0 0 


20/9/M OD it 4+ 2+C 


22/16/M OD 2+ 0 2+H 
23/37/M OD 1+ 0 0 
24/6/M OS 0 0 0 
25/5/F OD 0 O 0 
26/6/M OS 2t 0 0 





* Average age of the 16 boys was 13 months; of the ten girls, 12 months. 


tBleeding during surgery, 23 (88%) of 26; bleeding at closure, five (19%) of 26; greater than grade 2, one 
(4%) of 26. Numbered system of bleeding is explained in the text. 
iD indicates diffuse vitreous hemorrhage; C, clot; and H, vitreous haze. 


Slit-lamp examination was not possible in 
these infants. 


MATERIALS 


Thrombin is a protein substance pro- 
duced through a conversion reaction in 
which prothrombin of bovine origin is acti- 
vated by tissue thromboplastin in the pres- 
ence of calcium chloride. It clots the fibrin- 
ogen of the blood when in contact and its 
rate of clotting is dependent on the concen- 
tration. Recommended concentrations 
range from 100 to 2000 U/mL.* We have 
selected a concentration of 100 U/mL 
based on previous work.” 

The protocol includes infusion of a mix- 
ture of thrombin diluted with BSS Plus to 
a concentration of 100 U/mL. A total of 100 
mL is prepared (10 000 U/dL) and is placed 
in a sterile evacuated 250-mL intravenous 
bottle. This mixture is used as the perfu- 
sate during the vitrectomy and dissection 
portion of the operation only. Plain BSS 
Plus is used for the fragmentation lensec- 
tomy portion of the operation. Before clo- 
sure the eye is perfused with plain BSS 
Plus solution to remove the majority of the 
thrombin mixture from the eye. 


RESULTS 


We prospectively studied 36 consec- 
utive infants ranging in age from 5 to 
37 months (average age, 12 months). 
There were, 22 boys and 14 girls. 
Thrombin was used in the initial 26 
patients to control bleeding during 
vitrectomy for ROP stage V. A review 
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of these patients is found in Table 1. 
Bleeding was observed to some degree 
in 23 (88%) of 26 patients during 
surgery. The source of hemorrhage 
was retinal vessels in all cases. Addi- 
tional bleeding from iris vessels was 
observed in a few patients following 
iridectomy for pupil enlargement and 
instrumentation. Hemostasis was 
achieved in less than 20 s in all but one 
patient in whom there were large ves- 
sels noted preoperatively. Bleeding 
occurred in five (19%) of 26 patients 
at the time of wound closure when eye 
pressure is potentially at its lowest 
level but was considered significant 
(more than grade 2) in only one (4%) 
of these. 

Postoperative hemorrhage was bro- 
ken down into two categories, either 
diffuse vitreous hemorrhage or prere- 
tinal clot formation. These were fur- 
ther graded 1+ to 4+, where 1+ is just 
noticeable and 4+ allows no visualiza- 
tion of the retina. No further bleeding 
was noted on the first postoperative 
day or at the six-week follow-up visit 
in any patient. There were five 
patients in this group who underwent 
Surgery on the second eye within a 
week of the first. In these patients 
there was no evidence for severe 
inflammation or hemorrhage, includ- 
ing a hazy media, fibrin, hypopyon, or 


cloudy cornea. It should be noted that 
no examination was performed using 
anesthesia or sedation. Vitreous haze 
was noted in two patients one day 
postoperatively. No hypopyon was 
noted in any patient. 

We next studied ten consecutive 
patients (Table 2) using BSS Plus 
solution without thrombin. Intraoper- 
ative bleeding was noted in all patients 
(10/10 or 100%) and in eight (80% ) of 
ten at the time of closure. Significant 
bleeding (>grade 2) was noted in 
three (30%) of the ten patients. No 
further bleeding was noted on the first 
postoperative day nor was there any 
vitreous haze or hypopyon. 

The age and sex distribution were 
similar for both groups. The rates of 
intraoperative bleeding were similar 
in both groups (88% vs 100%). We 
would expect this since thrombin 
works on actively bleeding vessels to 
form a clot. It does not prevent acute- 
ly damaged vessels from bleeding. The 
rates of bleeding at wound closure 
were considerably different (19% vs 
80% ) in the thrombin vs no thrombin 
groups and significant bleeding (more 
than grade 2) was markedly different 
(4% vs 30%). 


COMMENT 


Bleeding during vitrectomy with 
membrane dissection either with 
closed vitrectomy or open-sky ap- 
proach has been a major intraopera- 
tive and postoperative complication. 
This complication not only obscures 
the surgeon’s view but prolongs sur- 
gery in a high-anesthetic risk infant 
already prone to respiratory compli- 
cations. Controlling bleeding by rais- 
ing the infusion pressure may cause 
retinal ischemia and permanent 
visual loss. Low perfusion pressure 
may lead to hemorrhage and subse- 
quent recurrence of epiretinal scar 
tissue, leading to a traction retinal 
detachment. 

The use of thrombin to control 
bleeding during vitrectomy on diabet- 
ic patients has been shown to be of 
benefit; in a previous study there was 
a significant reduction in the bleeding 
time when vascular membranes were 
cut during the infusion of thrombin.” 
We have shown that bleeding occurs 
in 9275 (33/36) of patients during sur- 
gery for ROP and that bleeding at the 
time of closure when eye pressure is 
potentially at its lowest level occurs in 
19% (5/26) when thrombin is used and 
in 80% (8/10) when not used. Presum- 
ably those vessels clotted with the aid 
of thrombin do not rebleed as easily as 
those without the use of thrombin. 
Furthermore, significant bleeding 
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27/11/M 
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OD 
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Bleeding During 
Surgeryt 
2+ 


Bleeding at 
Closuret 
3+ 


First Day 
2+ C 
1+ C 


O 


D 2+ 1+ 
OD 2+ 0 C 
OS 1+ 0 C 
S 3+ 4+ 


32/11/F 
33/11/F 
34/11/M 
35/ 10/M 
36/ 10/F 


24 





tC 
+ 
3+ 
2+ 


2+ 


* Average age of the six boys was 10.6 months; of the four girls, 12.5 months. 
tBleeding during surgery, ten (100%) of ten; bleeding at closure, eight (80%) of ten; greater than grade 2, 
three (3096) of ten. Numbered system of bleeding is explained in the text. 


tC indicates clet. 


(more than grade 2) at the time of 
closure oceurs in 4% of patients when 
thrombin is used and in 30% when it 
is not used. 'Ve therefore have con- 
cluded that the use of thrombin to 
control intraeperative bleeding dur- 
ing vitrectomy for ROP stage V trac- 
tion retinal cetachment is beneficial 
in reducing beth the rate and severity 
of bleeding. 

Complicatiens, including  vitritis 
and sterile hypopyon, were not 
observed in any of our patients, 
although milc vitreous haze was noted 
in two patients in the experimental 

- group who did not experience intra- 
operative bleeding. This is contrary to 
the incidence of 20% reported recent- 
ly when used in adult diabetic 
patients,” akhough this difference 
may not be accurate since slit-lamp 
evaluation was not conducted on any 
of these patients. All patients were 
aphakic, thus decompartmentalizing 
the eye and allowing more complete 
washout of the thrombin. This differ- 
ence may alsc be related to a relative- 
ly immature immune system found in 
infants, although the exact nature of 
this differenee is unknown. Special 

—effort was made to remove thrombin 
at the compsetion of each case by 
irrigating the eye with plain BSS 
Plus. All eyes were quiet with clear 
media on the initial six-week postop- 
erative visit. Further study is needed 
to determine the long-term results of 
anatomic reattachment. 

We recogmze the nonrandomized 
nature of this study and the limited 
number of patients. Observations were 
made by a simgle observer and were 
believed to be consistent. We concluded 
our control group after ten patients 
because the trend was quite evident. 
These preliminary findings strongly 

* suggest the benefit of thrombin. A 
larger randomized sample would defi- 
nitely answer this question. 
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Aminocaproic Acid Reduces the Risk of Secondary 


Hemorrhage in Patients With Traumatic Hyphema 


Barry Kutner, MD; Stuart Fourman, MD; Kenneth Brein, MD; Scott Hobson, MD; 
Diana Mrvos, MD; John Sheppard, MD; Stuart Weisman, MD 


e in a prospective, randomized, dou- 
ble-masked study, 34 patients (34 eyes) 
with nonperforating ocular injury and trau- 
matic hyphema were treated with either 
aminocaproic acid (Amicar), 100 mg/kg 
every four hours, up to a maximum of 30 
g/d, or placebo for five days. None of 21 
patients who were treated with aminoca- 
proic acid rebled, while three (2396) of 13 
patients who were treated with placebo 
rebled. This difference was statistically 
significant. Of the three patients who 
rebled, two required surgical intervention, 
with one patient requiring four surgical 
procedures. Although complications fol- 
lowing aminocarproic acid therapy in- 
cluded light-headedness, nausea and 
vomiting, and systemic hypotension, 
only one patient was withdrawn from the 
study because of drug-related adverse 
reactions. This study strongly confirms 
that aminocaproic acid therapy signifi- 
cantly reduces the incidence of second- 
ary hemorrhage following traumatic 
hyphema. 

(Arch Ophthalmol 1987;105:206-208) 


Moondary hemorrhage may occur in 

about 5% to 38% of patients with 
traumatic hyphema."? Rebleeding 
may be more severe than the initial 
hemorrhage and may increase the 
risk of surgical intervention, second- 
ary glaucoma, corneal blood staining, 
and visual loss. Therefore, prevention 
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Table 1 —Results oi Initial Examination 


PESIS Acid 
Group (n = 21) 


Sex (M/F) 18/3 
Race (white / nonwhite) 18/3 
Eyes (R/L) 11/10 
Age, y (mean + SD) 


Hyphema height, mm 
(mean + SD) 


Visual acuity, % (No.) of patients 
Better than 20/40 14 (3) 


20/40-20/400 52 (11) 
Counting fingers 9 (2) 
Hand motions 19 (4) 
Light perception 5 (1) 

Ocular injury, 9o (No.) of patients 
Corneal abrasion 


2m X 


O (0) 
Pupil trauma 38 (8) 
Subluxed lens 9 (2) 
Commotio retinae 5 (1) 


Intraocular pressure, 
mm Hg (mean + SD) 





of rebleeding is generally accepted to 
be the most important aspect of 
hyphema management. 





See also p 272. 





Medical management, consisting of 
bed rest,” miotics or mydriatic-cyclo- 
plegics,'"* and estrogens,5 has not 
been found to be effective in reducing 
the incidence of secondary hemor- 
rhage. Although corticosteroids have 
been reported to be efficacious," in a 
randomized prospective study no ben- 
efit was found.* In two prospective 
randomized studies, Crouch and Fren- 
kel’? and McGetrick et al” found that 
oral administration of aminocaproic 
acid (Amicar) markedly reduced the 
incidence of rebleeding. Due to the 
reportedly high rate of drug-induced 


18.9 + 7.7 


16.9 + 7.0 


Placebo 
Group (n = 13) 
12/1 
11/2 


22.8 + 7.6 
LE X 10 


30 (4) 
46 (6) 
15 (2) 
8 (1) 
O (0) 


15 (2) 
31 (4) 
O (0) 
O (0) 


16.8 + 5.0 


side effects and predominately black 
study population in previous studies, 
aminocaproic acid has not been used - 
at our institution. To address this 
issue directly, a prospective, random- 
ized, double-masked study was con- 
ducted to assess the efficacy of amino- 
caproie acid in reducing the incidence 
of secondary hemorrhage and to 
determine the incidence and nature of 
drug-induced side effects. 


PATIENTS AND METHODS 


All patients with nonperforating trau- 
matic hyphema seen at the Eye and Ear 
Hospital of Pittsburgh from November 
1983 through January 1986 who did not 
require immediate surgical intervention 
and who gave informed consent to be in the - 
study were admitted to the hospital and 
began the protocol Any patient with a 
history of active pregnancy, intravascular 
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Aminocaproic Acid Placebo 


Group Group P 
Visual acuity, 9o (No.) of patients 
Better than 20/40 67 (14) 77 (10) 2.25 
20/40-20/400 24 (5) 15 (2) >.3 
Counting fingers 9 (2) 0 (0) m3 
Hand motions 0 (0) 0 (0) s 
Light perception O (0) B (1) >.3 


Height of Fivphneme: 96 of 


1 2 3 4 5 6 
Days After Hyphema 


Comparison of rate of hyphema resolution 
between patients receiving aminocaproic acid 
and those treated with placebo. Data concern- 
ing patients who received placebo do not 
include those who rebled. Although suggestive 
of trend, differerce was not significant. 


coagulopathy, renal disease, sickle cell ane- 
mia, blood dyscrasia, or recent anticoagu- 
lant, aspirin, or oral contraceptive use was 
excluded from the study. Patients were 
also excluded if the inciting trauma 
occurred more than 48 hours before the 
initial examination, so as to rule out the 
possibility that a secondary hemorrhage 
had already oceurred. Patients with any 
preexisting ocular disease that could 
increase the susceptibility to intraocular 
hemorrhage, such as neovascular glauco- 
ma, juvenile xanthogranuloma, malignant 
hypertension, orproliferative diabetic reti- 
* nopathy, were mot included in the study. 
Arbitrarily, patients under the age of 7 
years were excluded from the study. 

A complete medical history, physical 
and ocular examinations, determinations 
of complete bloed cell count, differential 
white blood cell count, estimates of plate- 
lets, prothrombm time, partial thrombo- 
plastin time, anc measurements of sodium, 
potassium, chloride, urea nitrogen, creati- 
nine, and glucose were performed at 
admission. Hemoglobin electrophoresis 
was performed on all nonwhite patients. A 
pregnaney test was performed on all 
women. Daily evaluations, including visual 
acuity measurement, slit-lamp examina- 
.» tion, and applanation tonometry, were per- 
formed for five complete days while the 
patient received the study medication and 
for a sixth day after the medication was 
stopped. Blood pressure measurements 
were taken by the hospital staff every four 
hours; if abnormal, they were rechecked by 
the admitting physician. All examination 
results were recorded on standardized 
forms by the admitting physician. A sec- 
ondary hemorrhage was defined as a defi- 
nite increase in the amount of blood in the 
anterior chamber compared with that 
noted on the previous day’s examination. 
All patients had examinations one week 
after discharge. 

Equal opportunity for assignment to 
aminocaproie acid or placebo regimen was 

w determined in a aouble-masked fashion by 
computer randomization. Patients received 
—A either aminocapr»ic acid, 100 mg/kg orally 
every four hours,up to a maximum dosage 
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Intraocular pressure elevation, 
mm Hg % (No.) of patients 


Aminocaproic Acid 
Group * 


Nausea or vomiting 
Muscle cramps 
Diarrhea 
Light-headedness 
Systemic hypotension 
Any complications 


45 (10) 





96 aay of Patients 


Placebo 
Group 


O (0) 
o (0) 


* Data in aminocaproic acid group include one patient removed from the study before completion. 


of 5 g every four hours (30 g/d), or an oral 
placebo, with an identical taste and 
appearance to aminocaproic acid, every 
four hours for five days. 

Routine admission orders consisted of 
quiet activities, no reading, no patch or 
shield, oral acetaminophen, 650 mg every 
four hours as needed for pain, no aspirin or 
alcohol, prochlorperazine, 5 to 10 mg intra- 
muscularly every six hours as needed for 
nausea, and diazepam, 5 mg orally every 
six hours as needed for anxiety. Fer intra- 
ocular pressure greater than 35 mm Hg, 
topical 0.5% timolol maleate and, if neces- 
sary, oral acetazolamide were used. No 
other ocular medications, including cyclo- 
plegic-mydriatic agents or steroids, were 
used. 

A patient remained in the study protocol 
unless he developed a secondary hemor- 
rhage or experienced side effects severe 
enough, in spite of supporting medications, 
to incapacitate him and to warrant cessa- 
tion of the study medication. If a secondary 
hemorrhage occurred, the patient was 
removed from the study and treated in an 
individual fashion. The double-masked 
code was broken, by a central data evalua- 
tor who had no clinical contact with any 
patient enrolled in the study, as soon as a 
significant difference was found between 
the two treatment groups. Physicians car- 
ing for study patients did not have access 
to the cumulative data until the cede was 
broken. 

Comparison between groups was carried 
out using the Fisher exact methoc or Stu- 
dent's t test. A probability of P < .05 was 
accepted as being statistically significant. 


RESULTS 


Of the 34 patients in the study, 21 
(62% ) received aminocaproic acid and 


13 (88%) received placebo. Twenty- 
three percent of patients who received 
placebo and none of those treated 
with aminocaproic acid rebled. This 
difference is statistically significant 
(P « .05). 

At the time of admission, there was 
no significant difference between the 
treatment groups with respect to age, 
race, height of hyphema, associated 
ocular injuries, level of intraocular 
pressure, or visual acuity (Table 1). 

Clotted blood was visibly present in 
the anterior chamber for a mean of 4.8 
days in those treated with aminoca- 
proic acid, compared with 2.4 days in 
those with placebo who did not 
rebleed (Figure). Although this differ- 
ence suggests a trend, it is not signifi- 
cant, possibly due to the small study 
size. At the completion of the treat- 
ment period, residual blood was 
present in none of ten patients who 
were treated with placebo and did not 
rebleed, and in 13 (62%) of 21 patients 
who received aminocaproic acid 
(P < .001). 

The incidence of intraocular pres- 
sure elevation and the visual acuity at 
the time of discharge were similar 
between the two groups (P».3, Ta- 
ble 2). 

Of the three patients who rebled, 
two were white and one was black. All 
three had initial hyphemas that filled 
15% or less of the anterior chamber. 
All rebled during the second day of 
the study (three days after injury). 
Two of the three patients required 
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extended hospitalization and multiple 
surgical procedures (evacuation of 
blood clot or filtering surgery). One 
patient's secondary hemorrhage re- 
solved without further complications. 

A significant incidence of drug- 
related complications occurred in 
patients who received aminocaproic 
acid compared with those who 
received placebo (P «.02, Table 3). 
During aminocaproic acid therapy, 
32% of the patients had systemic 
hypotension (defined as a decrease in 
systolic or diastolic blood pressure by 
30 mm Hg compared with that at the 
time of admission, or a systolic blood 
pressure less than 90 mm Hg at any 
time during therapy) Only one 
patient, not included in the above 
analyses, was removed from the study 
after two days of therapy because of 
systemic hypotension. This patient 
did not rebleed. 


COMMENT 


This study indicates that oral ami- 
nocaproic acid, 100 mg/kg every four 
hours, up to 30 g/d, for five days, is 
effective in preventing secondary 
hemorrhage after nonperforating in- 
jury. Previous studies reporting simi- 
lar results have had a high prevalence 
of nonwhite patients!" * or patients 
with sickle cell trait," unlimited dos- 
age of aminocaproic acid," and indis- 
criminate use of topical steroids. In 
this study, patient racial demograph- 
ics are more consistent with those of 
the population at large, and no patient 
had sickle cell disease or trait, as 
determined by hemoglobin electro- 
phoresis. 

No preadmission factors were pre- 
dictive of patients who would develop 
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secondary hemorrhage. Although pre- 
vious studies have used the height of 
the hyphema to assess the severity of 
ocular injury,?/?'29?! this study, with 
that of Thomas et al,” does not sup- 
port this supposition, as all three 
patients who rebled had hyphemas 
less than or equal to 15% of the 
anterior chamber height at the time 
of admission. Also, as the height of 
the hyphema is highly dependent on 
the time of the examination following 
injury, it is useless in assessing the 
extent of injury. Therefore, the use of 
prophylactic aminocaproic acid for 
traumatic hyphema should not de- 
pend on the amount of blood in the 
anterior chamber, but only if it is 
present or absent. 

Although there was a relatively 
high incidence (almost 50% ) of drug- 
induced side effects, these were mild 
and resulted in the withdrawal of only 
one patient from the study. In most 
patients, supportive medications, such 
as prochlorperazine, gave symptomat- 
ic relief. The significant drug-induced 
delay in clot resorption did not appear 
to adversely affect recovery as mea- 
sured one week after injury. Long- 
term effects need to be evaluated in 
the future. 

Surgical intervention was required 
in only those patients who suffered 
secondary hemorrhages. Although 
one patient was successfully managed 
with a single anterior chamber 
lavage, another patient developed per- 
sistent corneal blood staining in spite 
of clot irrigation and three glaucoma 
filtering procedures. Visual acuity 
after traumatic hyphema appeared to 
depend not only on the occurrence of 
secondary hemorrhage, but also on 
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the presence of concomitant intraocu- 
lar injury, such as lens subluxation 
and commotio retinae. 

Since patients under 7 years of age 
were excluded from this study to 
ensure complete examinations and 
full cooperation, the effectiveness of 
aminocaproic acid in the pediatric age 
group cannot be inferred from our 
data. Although children were included 
in the two previously conducted 
studies that did support aminocaproic 
acid use,” another study,” involving 
only children, did not find that this 
treatment was effective.” Therefore, 
aminocaproic acid use in children may 
be controversial. 

In addition, as all study patients 
were hospitalized, ambulatory care 
using aminocaproic acid was not 
addressed. In view of the drug- 
induced systemic hypotension, outpa- 
tient care may present significant 
complications and must be ap- 
proached cautiously. 

Our findings confirm and strongly 
suggest that aminocaproic acid signif- 
icantly (P < .05) reduces the incidence 
of secondary hemorrhage following 
traumatic hyphema without severe 
drug-induced complications. Future 
studies on drug pharmacokinetics and 
biovailability need to be performed to 
further titrate drug dose and frequen- 
cy of administration so as to minimize 
adverse drug reactions without loss of 
efficacy. Accordingly, Palmer et al,” 
have recently reported that aminoca- 
proic acid, in a smaller dose, has 
resulted in fewer side effects without 
increasing the risks of secondary 
hemorrhage. 
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Clinical Characteristics of 


Choroidal Neovaseular Membranes 


Neil M. Bressler. MD; Susan B. Bressler, MD; Evangelos S. Gragoudas, MD 


€ Eighty-three choroidal neovascular 
membranes (CNVMs) associated with 
pathologic entities other than age-related 
macular degeneration (study group) were 
compared with 64 CNVMs associated with 
macular degeneration (comparison 
group). Nine CNVMs (1 196) in the study 
group, comparec with 28 CNVMs (4496) in 
the comparison group, were occult mem- 
branes. Of the remaining well-defined 
CNVMs, 16 (22%) in the study group, 
compared with 21 (58%) in the compari- 
son group, were subfoveal. Of the well- 
defined subfoveal membranes, four (25%) 
in the study group, compared with 17 
(81%) in the control group, were large 
(greater than 1500 um in size). All large 
subfoveal membranes occurred in pa- 
tients over 55 years of age. Thus, in this 
study the majority of CNVMs associated 
with pathologic entities other than age- 
related macular degeneration were well 
defined and not subfoveal at initial pre- 
sentation. The majority of CNVMs associ- 
ated with macular degeneration were 
occult or subfoveal. Membranes in 
patients over 55 years of age, regardless 
of cause, were commonly found to be 
occult or subfoveal at presentation. 

(Arch Ophthalmol 1987; 105:209-2 13) 


divise: choroidal neovascular mem- 
branes (CNVMs) associated with 
age-related macular degeneration 
(AMD) are considered nontreatable 
with laser photocoagulation for two 
reasons’: First. in many of these 
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membranes the extent and location of 
the membrane is difficult to deter- 
mine either because the membrane is 
obscured by blood and/or a serous 
pigment epithelial detachment or 
because the membrane itself is poorly 
defined. If the extent of the neovascu- 
lar membrane is not accurately deter- 
mined, photocoagulation may be 
incomplete. Second, even when the 
CNVM is well defined, it often extends 
under the center of the foveal avascu- 
lar zone (FAZ). Photocoagulation of 
these subfoveal membranes is not rec- 
ommended presently." 

The purpose of this study was to 
determine how often CNVMs associ- 
ated with pathologic entities other 
than AMD were nontreatable either 
because the extent and/or location of 
the membrane was difficult to deter- 
mine or because the membrane was 
located subfoveally. 


SUBJECTS AND METHODS 


The color fundus photographs and fluo- 
rescein angiograms of all patients who 
presented to the fluorescein laboratory of 
the Massachusetts Eye and Ear Infirmary, 
Boston, between 1980 and 1984 with a 
CNVM associated with diseases other than 
AMD (the study group) were retrospective- 
ly reviewed. This study group was com- 
pared with CNVMs associated with AMD 
(the comparison group). Membranes for 
the comparison group were identified by 
reviewing the first 2075 of all alphabetical- 
ly filed angiograms obtained during the 
same period. Sixty-four membranes were 
identified as being associated with AMD 
because drusen were present in either eye 
or retinal pigment epithelial changes asso- 
ciated with aging were seen in the fellow 


eye. 
All 147 CNVMs were initially reviewed 
by two retina specialists. The CNVMs were 
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then independently reviewed by two of us 
to determine the membrane’s cause, size, 
and location and whether the membrane 
was well defined or occult (defined below). 
All membrane characteristics were based 
on the patient’s initial angiogram. Size and 
location were determined by a method 
previously described.’ Idiopathic CNVMs 
were defined as new vessels occurring in 
patients without evidence of any other 
fundus pathology in either eye. This cate- 
gory has the potential to include some 
patients in whom fundus changes typical 
of presumed ocular histoplasmosis (POH) 
or AMD could eventually develop.** Any 
disagreements between the initial review 
and/or subsequent independent reviews 
were adjudicated openly among the three 
authors. Information regarding the pa- 
tient’s age and duration of symptoms 
related to the CNVM prior to the fluoresce- 
in angiogram, when available from the 
chart, were recorded. 

The CNVM was considered to be either 
well defined (a well-outlined net of vessels 
that hyperfluoresced during the fluoresce- 
in transit and leaked in the late phase of 
the angiogram) or occult (presence of sub- 
retinal fluid, subretinal blood, or subreti- 
nal lipid on the color photographs associ- 
ated with a CNVM that was not well 
outlined on the fluorescein angiogram). If 
the occult membrane was obscured by 
blood that blocked the hyperfluorescence 
of at least part of the membrane during 
the early or middle transit of the fluoresce- 
in angiogram and the combined vascula- 
ture and blood extended under the center 
of the FAZ, it was considered to be a 
blood-obscured membrane (Fig 1). If the 
location or the entire extent of the occult 
membrane could not be determined from 
the fluorescein angiogram despite the 
absence of subretinal blood, it was consid- 
ered to be a poorly defined membrane (Fig 
2). Disciform scars and serous detach- 
ments of the retinal pigment epithelium 
with or without evidence of choroidal neo- 
vascularization, such as a notch at the edge 
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Fig 1.—Example of blood-obscured membrane associated with 
age-related macular degeneration. Membrane is nontreatable 
because combined vasculature and blood extend under center 
of foveal avascular zone. Top left, Fundus photograph. Top 
right, Middle transit phase of fluorescein angiogram. Bottom, 
Late phase of fluorescein angiogram. 
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Fig 2.—Example of poorly defined membrane associated with 
age-related macular degeneration. Membrane is nontreatable 
because entire extent of membrane cannot be defined to 
determine whether or not it extends under center of foveal 
avascular zone. Top left, Fundus photograph. To right, Middle 


transit phase of fluorescein angiogram. Bottom, Late phase of 
fluorescein angiogram. 
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Table 1.— Choroidal Neovascular 

Membranes Associated With 
Diseases Other Than 

Age-Related Macular Degeneration 


! No. (96) of 
Cause Cases 


Presumed ocular 
















histoplasmosis 23 (28) 
Idiopathic 23 (28) 
Myopic degener=tion 14 (17) 
Optic disc disease 6 (7) 
Angioid streaks 6 (7) 
Miscellaneous * 11 (13) 
Total 83 (100) 





*Miscellaneous eauses included choroidal neo- 
vascular membranes associated with choroidal nevi 
(three), choroidal tuptures (three), chorioretinitis 
(one), choroidal osteoma (one), central serous cho- 
roidopathy (one), and orbital tumors with choroidal 
folds (two). 


or uneven filling of the detachment on the 
fluorescein angiogram,’ were excluded. 
Potentially treatable membranes were 
well-defined CNVMs that did not extend 
under the center of the FAZ. Statistical 
analysis was performed using Fisher's 
exact test.’ | 


RESULTS 
Baselime Characteristics 


Eighty-three CNVMs from 80 
patients in the study group (Table 1) 
were compared with 64 CNVMs from 
59 patients ir the comparison group. 
The average age in the study group 
was 43 years with a range of 15 to 79 
years; 50 (60% ) were younger than 55 
years. The average age in the compar- 
ison group was 76 years with a range 
of 62 to 92 years. The duration of 
symptoms prior to fluorescein angi- 
ography was only available from 
chart review in 51 (61% ) of 88 CNVMs 
in the study group and 45 (70% ) of 64 
CNVMs in ‘he comparison group. 
When this information was available, 
the symptoms had been present for 
less than twe months in all but two 
patients in the study group and all but 
four patients in the comparison 


group. 
Status of Fellow Eye 


Of the 83 CNVMs in the study group 
at initial presentation, 14% (12) hada 
disciform scar or prior photocoagula- 
tion in the fellow eye, including six 
(26% ) of 23 associated with POH, two 
(9%) of 23 associated with idiopathic 
causes, three (21%) of 14 associated 
with pathologie myopia, and one 
(17% ) of six associated with optic disc 
disease. No eye had an active 
CNVM in both eyes at the same time 
in the study group. Of the 64 CNVMs 
in the comparison group at initial 
presentatiom the fellow eye had dru- 
sen and/or geographic atrophy in 43 
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Table 2.—Occult Choroidal Neovascular Membranes 


No. (%) of Cases 


Obscured by 
Blood 


Table 3.—Well-Defined Choroidal Neovascular Membranes Located Subfoveally 


No. (%) of Cases 


Located Subfoveally 


Table 4.—Potentially Treatable Membranes 


Cause 
Age-related macular degeneration 





No. (%) of Cases 


—— nr > 
Total Potentially Treatable 
15 (23) 


Idiopathic 14 (61) 


6 

Presumed ocular histoplasmosis 2 16 (70) 
2 
1 


Angioid streaks 3 (50) 


4 
3 
3 
6 
6 


Optic disc disease 


6 (100) 


Miscellaneous 11 10 (91) 


patients (67%), a disciform scar or 
prior photocoagulation in 17 patients 
(26%), an active CNVM in two 
patients (376), an avascular serous 
detachment of the retinal pigment 
epithelium in one patient (2% ), and no 
photos in one patient (2%). Two 
patients with POH, one patient with 
optic disc disease, and three patients 
with AMD had a membrane develop in 
the fellow eye, so both eyes of each 
patient were included in the analy- 
sis. 
Occult Membranes 


Nine CNVMs (11%) in the study 
group (Table 2) were either poorly 
defined (three eyes) or obscured by 
blood (six eyes). These nine CNVMs 
were observed in various pathologic 
entities, and eight occurred in 
patients over 55 years of age. Thus, of 
the 83 patients with CNVMs in the 
study group, only one (2%) of 50 
patients under 55 years of age, com- 
pared with eight (24% ) of 33 patients 


over 55, had an occult membrane 
(P « .01). Of the 64 membranes in the 
comparison group (Table 2), 28 (44%) 
were either poorly defined (20 eyes) or 
obscured by blood (eight eyes). 


Subfoveal Membranes 


Sixteen (22%) of 74 well-defined 
CNVMs in the study group, compared 
with 21 (58%) of 36 well-defined 
CNVMs in the comparison group, 
were subfoveal (Table 3). Of the 16 
well-defined subfoveal CNVMs in the 
study group, ten (62%) occurred in 
patients over 55 years of age, and four 
(25% ) were greater than 1500 um. In 
contrast, of the 21 well-defined sub- 
foveal CNVMs in the comparison 
group, 17 (81%) were greater than 
1500 um. All patients with large mem- 
branes in both groups were older than 
55 years of age. 


Potentially Treatable Membranes 


By combining the data from Tables 
2 and 3, we determined, for each 
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Table 5.— Relationship of Age to Treatment Eligibility in Membranes 
Associated With Diseases Other Than Macular Degeneration 


Under 55 y 


——————————— 
Potentially 


No. of Cases by Age Group 


Over 55 y 


———————— 
Potentially 


Total Treatable 


Myopic degeneration 
Angioid streaks 


pathologic entity, the number of 
potentially treatable CNVMs. Sixty 
(72%) of the 83 CNVMs in the study 
group, compared with 15 (23%) of the 
64 CNVMs in the comparison group, 
were potentially treatable (Table 4). 
In all pathologic entities except 
angioid streaks, the number of poten- 
tially treatable membranes was sig- 
nificantly greater (P < .01) than the 
number of potentially treatable mem- 
branes associated with AMD. 


Relationship of Age to 
Treatment Eligibility 


To determine the relationship of 
age to treatment eligibility, we di- 
vided the membranes in the study 
group (Table 5) into those that 
occurred in patients under 55 years of 
age and those that occurred in 
patients over 55. Eighty-four percent 
(32) of the membranes in patients 
under 55 years of age, compared with 
47% (16) of the membranes in 
patients over 55, were potentially 
treatable (P «.01). For idiopathic 
membranes, the number of potential- 
ly treatable membranes in patients 
under 55 years of age was significant- 
ly greater than the number of poten- 
tially treatable membranes in pa- 
tients over 55 (P « .03). For all other 
pathologic entities evaluated individ- 
ually, no statistically significant dif- 
ference in the number of potentially 
treatable membranes in patients 
under 55 years of age compared with 
patients over 55 was found. However, 
the total number of cases in each 
entity may have been too small for a 
difference to be detected. 


COMMENT 


Although the Macular Photocoagu- 
lation Study** and two trials 
abroad'?" showed conclusively that 
argon laser photocoagulation is effec- 
tive in reducing visual loss due to 
choroidal neovascularization outside 
the FAZ in patients with AMD, most 
CNVMs associated with AMD are not 
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amenable to treatment.? Berkow? 
reviewed 393 eyes with exudative 
macular degeneration seen in a large 
community hospital over a nine-year 
period. Of these 393 eyes, 224 had a 
detectable subretinal membrane. It 
was not stated how many of the 
remaining 169 eyes with no detectable 
subretinal membrane were disciform 
scars vs poorly defined membranes or 
blood-obscured membranes. Never- 
theless, only 67 (30%) of the 224 
detectable subretinal membranes 
were considered potentially treatable 
because they were well-defined extra- 
foveal membranes. 

Grey and coworkers! reviewed 445 
eyes with choroidal neovasculariza- 
tion associated with AMD seen at a 
referral center over 12 months. Only 
90 CNVMs (20% ) were clearly defined 
and were at least 100 um from the 
foveola. These investigators showed 
that treatment was possible in a large 
proportion of patients with a short 
history of visual loss, as ten (83%) of 
12 lesions were treatable if the dura- 
tion of symptoms was two weeks or 
less, but only 15 (43%) of 35 lesions 
were treatable if the duration of 
symptoms was two to four weeks. This 
study also reviewed 20 CNVMs associ- 
ated with POH, of which nine (45%) 
were potentially treatable, and 28 
CNVMs associated with myopia, of 
which four (14%) were potentially 
treatable. No evaluation of the rela- 
tionship of duration of symptoms to 
treatability of the lesions was done 
for these pathologic entities. 

The present study attempted to 
expand on these two previous studies 
and to determine the number of 
CNVMs associated with several 
pathologic entities other than AMD 
that were potentially treatable with 
laser photocoagulation compared with 
membranes associated with AMD. 
Although the study includes patients 
of a referral center, 98 (67%) of 147 
patients had fluorescein angiography 
immediately after they were first seen 


with visual loss in the general eye 
clinic, the emergency ward, or a gen- 
eral ophthalmologist’s office in the 
community. 

In this investigation, nine (11%) of 
the 83 membranes in the study group, 
compared with 28 (44%) of the 64 
membranes in the comparison group, 
were poorly defined or obscured by 
blood. Eight (89%) of the nine mem- 
branes in the study group that were 
poorly defined or obscured by blood 
occurred in patients older than 55 
years of age despite the fact that only 
33 (40%) of the 83 patients in this 
group were older than 55. Thus, mem- 
branes associated with diseases other 
than AMD in patients under 55 years 
of age are usually well defined and not 
obscured by blood. 

When we excluded those mem- 
branes that were poorly defined or 
obscured by blood, only a minority of 
well-defined membranes in the study 
group were subfoveal. In contrast, 21 
(58% ) of the 36 well-defined CNVMs 
in the comparison group were consid- 
ered nontreatable because the mem- 
brane extended under the center of 
the FAZ. In addition, only four (25% ) 
of the 16 subfoveal membranes in the 
study group were large (greater than 
1500 um), whereas 17 (81%) of the 21 
subfoveal membranes in the compari- 
son group were large. 

Previous investigations“? suggested 
that large subfoveal membranes may 
be the result of membranes that start 
extrafoveally and grow toward the 
center of the FAZ so that by the time 
the net has extended under the center 
of the FAZ it has become a large 
membrane. The Macular Photocoagu- 
lation Study? subsequently confirmed 
that the course of almost 75% of 
untreated extrafoveal CNVMs in 
AMD extend under the FAZ at follow- 
up examinations. The findings ir this 
study also suggest that membranes 
associated with AMD have a greater 
tendency to extend under the FAZ and 
become large subfoveal membranes 
by the time they present to the oph- 
thalmologist compared with mem- 
branes associated with diseases other 
than AMD. 

A significant difference was found 
in the number of potentially treatable 
membranes for each disease entity, 
except for angioid streaks, compared 
with membranes associated with 
AMD. The number of cases of angioid 
streaks may have been too small for a 
difference to be detected. 

Patients older than 55 years of age 
tended to have a greater percentage of 
untreatable membranes compared 
with patients younger than 55. This 
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may be due to the fact that older 
patients do not seek ophthalmologic 
evaluation until their vision has 
decreased substantially, after the 
membrane has become subfoveal or 
obscured by blood. As shown by Grey 
and colleagues,' delay in evaluation of 
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speculated that diseased retinal pig- 
ment epithelial cells in AMD may 
produce reduced levels of this inhibi- 
tor so that choroidal neovasculariza- 
tion becomes more likely. 

The status of the fellow eye may 
significantly influence how early a 


since only two patients in the compar- 
ison group and no patients in the 
study group presented with simulta- 
neous bilateral CNVMs, this factor 
was probably not very influential in 
this study. 

In summary, this study has demon- 
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a CNVM associated with AMD from patient can recognize visual loss from strated that most CNVMs associated 

two weeks to four weeks decreases the a CNVM and may subsequently influ- with diseases other than AMD are 
number of potentially treatable mem- ence the size of the CNVM at presen- well defined and that the majority do =H 
branes from 83% te 43%. Because of tation to an ophthalmologist. For not extend under the center of the E 
the retrospective nature of the example, a patient with a disciform FAZ at their initial presentation. The X 
present study, detailed information ^ scar in one eye may be more likely to majority of membranes associated A 
regarding the duration of symptoms respond earlier to the development of with diseases other than AMD that | A 
prior to the development of visual loss ^ visual loss from a CNVM in the other were poorly defined, obscured by ay 
was not available for enough of the eye and subsequently present with a blood, or  subfoveal occurred in =, 
patients to support or refute this small CNVM. However, in this study, patients over 55 years of age. In con- E 
hypothesis. only 12 (14%) of 83 CNVMs in the trast, most membranes associated v3 
This hypothesis, however, cannot study group, compared with 17 (26% ) with AMD are nontreatable when "P 
explain the greater percentage of of 64 CNVMS associated with AMD, they are first seen because they are P. 
poorly defined membranes that occur had a disciform or photocoagulation poorly defined or obscured by blood. Xs 
in patients-older than 55 years of age. scar in the fellow eye. These findings In addition, even the well-defined ve 
Alternatively or in addition to the should have biased the results toward CNVMs associated with AMD are m 
above hypothesis, membranes in smaller membranes being identified often nontreatable because they E. 
patients older than 55 years of age in patients with AMD; nevertheless, present as subfoveal membranes. - m 
may have a greater tendency to be the comparison (AMD) group actually These findings emphasize again the i 
poorly defined or obscured by blood or had a greater number of large, subfo- need for early detection and evalua- = 
to extend under the center of the FAZ veal membranes. An additional 3% of tion of CNVMs, especially for CNVMs $ 
because they are associated with a patients with CNVMs associated with in patients over 55 years of age. Mem- 4 
diffusely diseased retinal pigment AMD had a CNVM in both eyes at branes in this age group have the 3 
epithelium. This theory is supported presentation to an ophthalmologist. If ^ greatest tendency to be poorly defined £ 
by recent investigations that have the lesion in one eye was older than or obscured by blood or to extend E. 
shown that human retinal pigment the lesion in the other eye, the older under the center of the FAZ when the s 
epithelial cells, under certain circum- lesion may have enlarged over time patients present to their ophthalmolo- : d 
stances, can release an inhibitor of and biased a group with bilateral gists. E" 
vascular endothelial cell proliferation — CNVMs to having at least one large S 
or neovascularization.? Glaser et al? membrane per patient. However, å 
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Epiretinal Membranes in Sickle Cell Retinopathy 


Marcia D. Carney, MD, Lee M. Jampol, MD 


e We examined the hospital records 
(including fundus photographs) of 769 
patients (1486 eyes) with sickle cell dis- 
ease from June 1978 to July 1985 for 
evidence of epiretinal membranes in the 
macula (51 eyes) or extramacular region 
(four eyes) of the posterior pole. The 
incidence of epiretinal membranes, seen 
in the eyes of patients with hemoglobin 
SC, SS, and SB+ thalassemia, was 3.7%. 
Most epiretinal membranes were mild, 
and visual acuity was 20/40 or better in 
78.2% of these eyes. Severe macular 
pucker was occasionally noted following 
retinal detachment surgery. One patient 
with SC disease developed a macular 
epiretinal membrane that led to a macular 
hole and eventually to macular and extra- 
macular retinal detachment. Epiretinal 
membranes are a relatively common 
cause of maculopathy in patients with 
sickle cell disease. 

(Arch Ophthalmol 1987;105:214-217) 


ekle cell maculopathy is a broad 

term encompassing the causes of 
decreased macular vision in patients 
with sickle cell disease. These causes 
may include infarction of the macula 
with abnormal perfusion, retinal 
depressions? following infarction, 
macular holes, and proliferation of 
epiretinal fibrous or glial tissue with 
distortion of the macula. We investi- 
gated retrospectively the prevalence 
and findings of epiretinal membranes 
in patients with sickle cell disease. 
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PATIENTS AND METHODS 


We reviewed 769 hospital records (1486 
eyes) from patients with sickle cell disease 
seen at the Sickle Cell Eye Clinic, Univer- 
sity of Illinois College of Medicine, Chica- 
go, from June 1978 to July 1985. From our 
examination, the following data were 
noted: (1) presence or absence of epiretinal 
membranes; (2) age of patient at the time 
that the epiretinal membrane was noted; 
(3) sickle cell hemoglobin type; and (4) 
visual acuities at the time the membranes 
were first noted and at the latest ophthal- 
mologic examination. 

Attention was also focused on the 
patient's ocular history at the time the 
membrane was first observed. Epiretinal 
membranes were first classified according 
to their location (macular or extramacu- 
lar) within the posterior pole and were 
then graded from 0 to II according to the 
criteria proposed by Gass. Grade 0, or 
cellophane maculopathy, included translu- 
cent epiretinal membranes unassociated 
with inner retinal distortion; grade I, or 
crinkle cellophane maculopathy, showed 
distortion of the inner retinal surface by 
the epiretinal membrane; and grade II 
demonstrated thicker, grayish membranes 
that caused marked distortion of the retina 
and obscured the retinal vessels. 

In this study the macula was defined as 
the area of increased pigmentation (ap- 
proximately 1% disc diameters) surround- 
ing the center of the fovea. The posterior 
pole was defined as all areas posterior to 
the equator. 

The natural history of the membranes 
was examined by noting from the hospital 
records the time sequence of the develop- 
ment of the membranes, the presence of 
ocular disease before the formation of the 
membranes (eg, background sickle cell ret- 
inopathy), the development of neovascu- 
larization, the association with vitreous 
hemorrhage, and previous photocoagula- 
tion or vitreoretinal surgery. 

Membranes not within the posterior pole 
were excluded to eliminate those associ- 
ated directly with the equatorially and 
more peripherally located areas of neovas- 
cularization. 

Two case histories are presented herein. 


Case 1 details a potential complication of 
epiretinal membrane: macular hole forma- 
tion with retinal detachment; case 2 
describes spontaneous epiretinal mem- 
brane peeling, which has been previously 
reported. 


REPORT OF CASES 


CASE 1.— A 35-year-old man came to the 
Sickle Cell Eye Clinic in May 1979 with a 
scotoma in the right eye. The patient was 
diagnosed as having hemogi!obin SC dis- 
ease at age 18 years, and he had a history 
of aseptic necrosis of the hips. An ocular 
examination in 1971 disclosed a right- 
superior-field defect. In 1979 his visual 
acuity was 20/20 in both eyes. Large areas 
of retinal depression? were noted temporal 
to the right macula, ‘and visual field testing 
disclosed dense defects superior and inferi- 
or to the nasal horizontal meridian :n the 
right eye. The patient underwent feeder- 
vessel photocoagulation* to perfused sea 
fans in the right eye in June 1979. The left 
eye, which had a large temporal sea fan, 
was included in a trial of laser photocoag- 
ulation* and was randomized to the control 
group (no laser treatment) (Fig 1, top). 
Visual acuity remained 20720 in both 
eyes. 

Follow-up examinations through March 
1984 showed no further peripheral neovas- 
cularization in the right eye. In April 1984, 
visual acuity decreased in the left eye to 
20/30 with evidence of significant macular 
“pucker,” foveal distortion, and a vitreous 
band extending from the optic disc to the 
sea-fan neovascularization in the infero- 
temporal periphery. A prominent epireti- 
nal membrane was present (Fig 1, middle). 
In May 1984, YAG (yttrium-aluminum- 
garnet) laser vitreolysis of the vitreous 
band was performed to reduce traction on 
the macula. After treatment, visual acuity 
remained 20/40 with reduction in macular 
traction. Subsequent examinations showed 
gradual progression of the macular epireti- 
nal membrane. In February 1985, visual 
acuity was 20/60 with increased macular 
distortion and a pseudohole at the fovea. 
The patient returned in May 1985 with a 
visual acuity of 20/400, a full-thickness 
macular hole, and macular detachment 


Epiretinal Membranes — Carney & Jempol 












Fig 1.—Case 1. T»p, Left eye of 35-year-old 
man was asymptomatic in 1979. Macula was 
normal. Middle, Five years later, macular 
pucker extended to involve inferotemporal 
vessels (asterisk). ?seudohole was present in 
macula (arrow). Esttom, In 1985, full-thick- 
ness macular hole and macular detachment 
had developed. Peviously observed pucker 
remained along inf»rotemporal arcade (aster- 
isk). 


(Fig 1, bottom). T-eatment included vitrec- 

tomy and segmertation of the membrane. 

Postoperatively, fhere was a small amount 

_ of subretinal fluic in the macula; the visual 
acuity, however, :ad improved to 20/40. 

Case 2.—A 27--ear-old man with hemo- 

globin SC diseasewas referred to the Sick- 
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Fig 2.— Case 2. Left, Macular pucker was noted in November 1977. Visual acuity was 20/200. E 
Right, Traction was partially released after spontaneous peeling of macular membrane in April = 
1978, which resulted in decreased macular pucker. Visual acuity was 20/25. Epiretinal 3 
membrane is noted over optic disc. | 
Table 1.— Prevalence of Epiretinal Membrane in Patients i x 

With Sickling Hemoglobinopathies i 

Associated No. of 9o of % of : 

Pathologic Condition Eyes Total Membranes Total Eyes ra 


Background sickle cell retinopathy 10.9 | 


Untreated peripheral neovascularization 
without hemorrhage 34.5 


Previous photocoagulation 
(feeder-vessel or scatter) * 34.5 | 
| 
V 


1.3 
0.4 
1.3 
Vitreous hemorrhaget 0.2 
0.3 
0.3 


Miscellaneous (glaucoma, uveitis, 
arterial occlusions) 


5.5 
Previous surgery (retinal detachment or A 
itrectomy) 7.3 ds 
7.3 


* Feeder-vessel photocoagulation by technique described by Jampol et al; scatter photocoagulation by 


technique of Rednam et al.® 


+Vitreous hemorrhage was the presenting sign of proliferative sickle cell retinopathy. Hemorrhage was 
allowed to clear before treatment with feeder-vessel or scatter photocoagulation. | 


Table 2.— Visual Acuity at Last Clinic Visit 


of Patients With Epiretinal Membranes 





No. of Eyes” 


Y tub? 


——————————MMM MÀ 


Gradet 20/15 to 20/25 


20/30 to 20/40 


20/70 to 20/80 <20/200 TA 


oo o  — oe ë ë OOO 


*N = 52, including three eyes with visual acuity unknown at last clinic visit. 


tClassification according to Gass.* 


Eye with history of central retinal artery occlusion. 


SEye with history of congenital glaucoma. 


|Includes one membrane not within the macular region. y 
rx ..| 


le Cell Eye Clinic on Nov 28, 1977. Exami- 
nation revealed background sickle cell reti- 
nopathy in the right eye and peripheral 
proliferative sea-fan neovascularization’ 
in the left eye, with an epiretinal mem- 
brane in the macular region (Fig 2, left). 
Best corrected visual acuities were 20/20 in 
the right eye and 20/200 in the left eye, 
which were believed to be secondary to 
macular pucker. 

In December 1977 and January 1978, the 
patient underwent feeder-vessel argon 
laser photocoagulation to the left eye after 
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being randomized to treatment in the feed- 
er-vessel photocoagulation study.* In Feb- 
ruary 1978, retinal holes were observed 
adjacent to previously treated areas of 
neovascularization and were surrounded : 
by additional photocoagulation. Visual 
acuity remained 20/200 in the left eye. 
Examination in April 1978 disclosed a 
marked improvement in the visual acuity 
of the left eye associated with spontaneous 
peeling of the epiretinal membrane (Fig2, — 
right). The visual acuity at that time was 
20/25 in the left eye. In Mrach 1985, visual 
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Fig 3.—Epiretinal membrane located outside 
macular area, along superotemporal arcade. 


acuity remained 20/30 with mild macular 
pucker in the left eye. 


RESULTS 


In the 769 hospital records 
reviewed, fundus photographs were 
available for 1486 eyes. Epiretinal 
membranes were noted in 21 right 
eyes and in 34 left eyes (55 eyes); 51 
membranes (93% ) were in the macu- 
lar area and four membranes were in 
an extramacular location in the poste- 
rior pole. The patients ranged in age 
from 7 to 63 years (mean age, 35 
years). Twenty-five eyes were those of 
male patients and 30 eyes were those 
of female patients. The prevalence of 
membranes in this population with 
sickle cell disease was 3.7% of all 
eyes. 

Epiretinal membranes were ob- 
served in 40 eyes (33 patients) of those 
patients with SC hemoglobin, in 13 
eyes (11 patients) of patients with SS 
hemoglobin, and in two eyes (two 
patients) of patients with SB+ thalas- 
semia. Epiretinal membranes were 
bilateral in nine patients. 

Associated oculopathologic condi- 
tions in patients with epiretinal mem- 
branes were noted (Table 1). Mem- 
branes were found in 19 eyes (1.3% of 
all eyes studied) that had peripheral 
neovascularization without prior pho- 
tocoagulation or known vitreous hem- 
orrhage. Eighteen of these epiretinal 
membranes were in the macular area. 
Sixteen of these 19 eyes had SC hemo- 
globin, two eyes had SS hemoglobin, 
and one eye had SB+ thalassemia. 
This group represents one third of the 
total of all eyes (3.7% of eyes studied) 
with epiretinal membranes. An addi- 
tional 1.3% of the eyes studied had 
epiretinal membranes and a history of 
previous photocoagulation (argon la- 
ser or xenon arc) for proliferative 
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Fig 4. —Left, Macula of patient's left eye in October 1984 before epiretinal membrane formed. 
Right, Development of epiretinal membrane was noted in March 1985. 





Fig 5.—Epiretinal membrane observed in 
1980 in left macula, five years after large 
peripheral sea fan was treated with photoco- 
agulation. 


sickle cell retinopathy. It was im- 
possible to differentiate membranes 
related to the photocoagulation from 
those associated with sickle cell reti- 
nopathy alone. Eyes with epiretinal 
membranes were also seen with pro- 
liferative sickle cell retinopathy with 
vitreous hemorrhage and following 
retinal detachment or vitreoretinal 
surgery (Table 1). All six macular 
membranes associated with back- 
ground sickle cell retinopathy’ oc- 
curred in patients with SS hemoglo- 
bin. 

The membranes were graded and 
then compared with the patients' 
visual acuities at the last clinic visit 
(Table 2). A total of 43 eyes (78.2%) 
with membranes graded 0 through II 
had visual acuities of 20/40 or better. 
One membrane in this group did not 
involve the macula but was found 
along the superotemporal arcade (Fig 
3). Of the six eyes with grade II mem- 
branes and visual acuities worse than 


Fig 6.—Eccentric epiretinal membrare along 
superotemporal vessels developed in patient 
with proliferative sickle cell retinopatay after 
vitreous hemorrhage. 


20/200, two eyes had no light percep- 
tion postoperatively; the cause of the 
progression of their visual loss from 
light perception to no light perception 
was unknown. One eye had a visual 
acuity of counting fingers associated 
with vitreous hemorrhage; ome eye 
had hand-motion vision after -etinal 
detachment repair; one eye had a his- 
tory of no-light-perception vision 
since childhood; and one eye demon- 
strated macular pucker with macular 
hole formation and macular and pos- 
terior pole retinal detachment (case 
i). 

Poor visual acuity was directly 
related to severe macular pucker in 
three eyes after retina! detachment 
repair, in one eye with vitreous hem- 
orrhage, and in one eye that developed 
a macular hole with retinal cetach- 
ment. Visual acuity improved in two 
eyes with macular pucker that sponta- 
neously separated (including case 2).5 

Epiretinal membranes were noted 
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in the presence of background and 
proliferative seckle cell retinopathy 
(Fig 4), after phetocoagulation to 
peripheral sea “ans (Fig 5), after vit- 
reous hemorrhage rom proliferative 
sickle cell retmopsthy (Fig 6), and 
after retinal de-achment repair. Rare- 
ly, the epire&nal membrane was 
extramacular bat within the posterior 
pole (four eyes. One such eye exhib- 
ited the membzane »efore photocoag- 
ulation, hemor-hag», or other known 
ocular complications. Six patients 
with SS hemoglobin and background 
retinopathy had ev:dence of macular 
epiretinal membranes, but these con- 
ditions had litte effect on visual acu- 
ity. 


COMMENT 


The epiretiral membrane is an 
important cause of sickle cell maculo- 
pathy. The membrane is often associ- 
ated with peripmera proliferative ret- 
inopathy, espedally following retinal 
photocoagulatien. 

The origin of epiretinal membranes 
has been careully studied. Retinal 
adventitial cels, vitreous condensa- 
tion and contzactien of the retinal 
surface,’ and, more specifically, reti- 
nal glial cells! hawe all been impli- 
cated as the caase cf epiretinal mem- 
brane formadon. Ultrastructural 
studies" have furtner characterized 
simple, thin ronvzscularized mem- 
branes as being composed of glial cells 
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that pass through defects in the inter- 
nal limiting membrane and migrate 
along its surface. More complex epire- 
tinal membranes composed of glial 
cells, macrophages, or retinal pigment 
epithelial cells have been seen follow- 
ing retinal detachment repair. Tan- 
gential traction caused by the prolif- 
eration of fibrous astrocytes through 
breaks in the internal limiting mem- 
brane, as proposed by Foos,? was 
reported by Barr and Michels” as a 
causative factor in idiopathic mem- 
branes in patients less than 35 years 
of age. 

To our knowledge, this is the first 
report of the prevalence of epiretinal 
membranes with sickling hemoglobin- 
opathy (3.7% ). Possible causes of this 
entity appear to be localized or large 
vitreous hemorrhages stimulating 
fibroglial proliferation; changes in the 
internal limiting membrane and reti- 
na associated with prior photocoagu- 
lation, retinal tears, or holes; and 
vitrectomy or retinal detachment 
repair with proliferation of fibroglial 
cells or retinal pigment epithelial cells 
and macrophages. To date, no histo- 
pathologic correlation has been per- 
formed in our patients. 

Ninety-three percent (51/55) of 
these membranes were in the macular 
region. This is slightly higher than 
the 85% described by Michels’ in a 
general population. Most of our 
patients’ eyes had visual acuities bet- 


References 


thy. Ophthalmology 1983;90:540-545. 

7. Nagpal KC, Goldberg MF, Rabb MF: Ocular 
manifestations of sickle hemoglobinopathies. 
Surv Ophthalmol 1977;21:5:391-411. 

8. Rednam KRV, Jampol LM, Goldberg MF: 
Scatter retinal photocoagulation for prolifera- 
tive sickle retinopathy. Am J Ophthalmol 1982; 
93:594-595. 

9. Von Glover B, Werner H: Postkoagulative 
und spontan Auftretende internoretinale Fikoo- 
plasie mit Maculadegeneration. Klin Monatsbl 
Augenheilkd 1967;151:822-845. 

10. Maumenee AE: Further advances in the 
study of the macula. Arch Ophthalmol 1967; 
78:151-165. 

11. Bellhorn MB, Friedman AH, Wise GN, et 
al: Ultrastructure and clinicopathologic correla- 
tion of idiopathic preretinal macular fibrosis. 
Am J Ophthalmol 1975;79:366-373. 

12. Kampik A, Green WR, Michels RG, et al: 


Epiretinal Membranes—Carney & Jampol 


M" 
s 


4 
dl 
: 
“al 


Lad 


ter than 20/40, with many patients 
showing stable vision over several 
years. Furthermore, 80% (44/55) of 
the eyes had visual acuities better 
than 20/100. Visual loss was occasion- 
ally related to macular distortion with 
metamorphopsia, macular hole, or 
macular detachment. 

Although severe complications in 
these patients occurred infrequently, 
patients with epiretinal membranes 
should be monitored periodically for 
any changes in visual acuity and mac- 
ular distortion. We do not recommend 
the routine surgical separation of epi- 
retinal membranes because vitrecto- 
my and retinal surgery in patients 
with sickle cell disease have the 
potential for disastrous ocular and 
systemic complications (eg, anterior 
segment ischemia) and because 


patients with sickle cell disease may 


require transfusions preoperatively. 
surgical intervention can be contem- 
plated when the patient exhibits 
severe complications (as in case 1) or 
when the visual acuity is decreased to 
approximately 20/200 with profound 
macular distortion. 
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Quantification of Diabetic Macular Edema 


R. Theodore Smith, MD, PhD; Carol M. Lee, MD; 
Howard C. Charles, MD; Marilyn Farber, DrPH; Jose G. Cunha-Vaz, MD, PhD 


e In a cross-sectional study, 34 diabet- 
ic patients with clinically significant mac- 
ular edema underwent visual acuity test- 
ing, stereo fundus photography (graded 
for retinal thickening and hard exudates), 
fluorescein angiography (evaluated for 
macular leakage and the outline of the 
foveal avascular zone [FAZ]), and vitreous 
fluorophotometry (whereby posterior 
penetration ratios were calculated). This 
last ratio provided the highest single cor- 
relation with visual acuity; next highest 
were patient age and FAZ grading. Multi- 
variate regression confirmed that these 
three variables together best predicted 
visual acuity. Lesser correlations with 
acuity were obtained with angiographic 
leakage and fundus photography grading. 
Cross-correlations among all gradings 
showed that indicators of breakdown of 
the blood-retinal barrier, ie, fluoropho- 
tometry, angiographic leakage, and reti- 
nal thickening, were significantly corre- 
lated with each other, whereas FAZ grad- 
ing was independent of all these factors 
and correlated only with acuity. By per- 
forming vitreous fluorophotometry and 
fluorescein angiography, it is possible to 
quantitate two major components of dia- 
betic maculopathy: breakdown of the 
blood-retinal barrier and macular isch- 
emia, both of which are highly correlated 
with visual acuity. 

(Arch Ophthalmol 1987;105:218-222) 
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Maar edema is the greatest sin- 
gle cause of visual acuity reduc- 
tion among diabetic patients.'* Recent 
studies have shown that early photo- 
coagulation is beneficial in controlling 
the visual loss due to diabetic macular 
edema.** An ongoing nationwide co- 
operative study, the Early Treat- 
ment Diabetic Retinopathy Study 
(ETDRS), has released its first 
results, demonstrating that, over a 
three-year follow-up, untreated con- 
trol eyes with clinically significant 
macular edema were at higher risk for 
visual loss than treated eyes (20% vs 
40% ). Although these findings repre- 
sent a major advance in the manage- 
ment of diabetic retinopathy, a sub- 
stantial number of eyes do not 
improve with photocoagulation, and it 
is not known how long the beneficial 
effects of photocoagulation will per- 
sist. Furthermore, photocoagulation 
is a destructive form of therapy and 
not without risks. Other forms of 
therapy that could prevent or even 
reverse the development of macular 
edema are clearly desirable. Such 
methods can only be tested, however, 
after better ways of quantifying and 
grading diabetic macular edema are 
developed. Reflecting this need, a 
variety of photographic and fluoresce- 
in angiographic grading systems have 
recently been proposed.’? Similarly, 
vitreous fluorophotometry appears 
particularly promising for quantify- 
ing the alteration of the blood-retinal 
barrier associated with diabetic mac- 
ular edema.'* This study was 
designed as a cross-sectional evalua- 
tion of diabetic patients with well- 
defined, clinically significant macular 
edema and nonproliferative diabetic 
retinopathy to examine correlations 
among clinical macular edema, photo- 


graphic and angiographic grading, 
vitreous fluorophotometry, and visual 
acuity. 


SUBJECTS AND METHODS 
Subjects 


Consecutive patients with clinically sig- 
nificant macular edema presenting at the 
University of Illinois, Chicago, from Sept 
10, 1985, to Jan 10, 1986, were asked to 
participate in the study; these who agreed 
were enrolled. Only one eye per patient was 
included. The ETDRS criterta for clinically 
significant macular edema were followed’; 
ie, at least one of the following character- 
istics was present: (1) retinal thickening at 
or within 500 um of the center of the 
macula; (2) hard exudates at or within 500 
um of the center of the macula, if associ- 
ated with thickening of adjacent retina 
(not residual hard exudates remaining 
after disappearance of retinal thickening); 
or (3) a zone or zones of retinal thickening 
1 disc diameter (DD) or larger, any part of 
which is within 1 DD of the center of the 
macula. The presence of clinically signifi- 
cant macular edema for entrance eligibili- 
ty was determined by slit-lamp bicmicro- 
scopic examination. The eyes included in 
the study had no lens opacity or some lens 
opacity that was not sufficient tc cause 
reduced visual acuity. Evidence of prior or 
present neovascularization or photocoagu- 
lation excluded the eye from the stady. 

The enrolled 34 patients ranged in age 
from 29 to 73 years. Of these, 29 had type 
IL, non-insulin-dependent diabetes; the 
remaining five had type I, insulin-depen- 
dent diabetes. Informed consent was 
obtained. Each patient underwent a com- 
plete ophthalmologic examination, includ- 
ing visual acuity testing, stereo fundus 
photography, fluorescein angiography, and 
vitreous fluorophotometry. 


Visual Acuity Testing 


Best corrected visual acuity was deter- 
mined by a certified refractionist using the 
lighting conditions and standardized 
charts as described for ETBRS.? 


Macular Edema — Smith et al 


E 


Retinal Thickening 
Asea within field 2 
None 
‘Questionable 
Area < 0.5 DA 
30.5 DA < area < 1 DA 
1 DA < area < 2 DA 
2 DA « area < 0.25 field 
0.25 field < area < 0.5 
field 
Area > 0.5 field 
Asea within central subfield 
None 
Questionable 
Area « 0.5 DA 
0.5 DA < area < 1 DA 
1 DA < area < 2 DA 
Area » 2 DA 
Canter thickness (judged at 
center of macula) 
None 
Questionable involvement 
of center 
Definite thickening; 
«1 X reference 
thickness 
21 X reference 
thickness, 
«2 X reference 
thickness 
tard Exudates 
Hard exudates within 
central subfield 
None 
Questionable 
< standard photograph 3 
< standard photograph 5 
< standard photograph 4 
> standard photograph 4 
Hard exudates at center of 
macula 
None 
Questionable 
Definite involvement of 
center 





*DA indicates disc area; reference thickness is 
defined as the thickness of the normal retina 0.5 to 1 
disc diameter from e center of the macula; stan- 
dard photographs as published by Diabetic Retinop- 
athy Study Group.® 


Fundus Photo«sraphy and Fluorescein 
| A sgiography 


Stereo fundus photographs of the macu- 
lar area were used for grading. Fluorescein 
angiography w-s performed after the 
patient was adr-inistered an intravenous 
injection of 7 mg/kg of fluorescein sodium. 
The following grading systems were used. 

Fundus Photogsaphy.— Stereo fundus pho- 
tographs of the macula were graded using 
a modification c^ the system described in 
the ETDRS Marmal of Operations.’ In par- 
ticular, hard exudates and retinal thicken- 
ing were both a-sessed (Table 1). Grading 
for retinal thic ening was done first for 
the whole macula (field 2), then for the 
central subfield within 1 DD from the 
center, and finzlly for center thickness. 
Hard exudates were graded within the 
central subfield and for the center of the 
macula. | 

Retinal thickening in field 2 was graded 
on a scale front 0 to 7 by estimating the 
total area of th zkened retina involved, in 
terms of dise areas. The central subfield 
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Table 2.—Fluorescein Angiogram Grading 


Grade Definition 


Foveal Avascular Zone 
Outline of foveal avascular zone 
Normal 
Not smooth 
Questionable destruction 
«0.5 circumference destroyed 
20.5 circumference destroyed 
Totally destroyed 
Leakage 
Within field 2 
None 
Questionable 
<25% 
<66% but >25% 
>66% 
Within central subfield 
None 
Questionable 
<25% 
<66% but >25% 
>66% 
Involvement of geometric 
center of macula 
None 
Questionable 
Definite involvement 


was graded similarly from 0 to 5. Although 
an attempt also was made to measure the 
maximum thickness of the retina, we 
found that in this group of patients our 
estimate was always between one and two 
times the “reference thickness,” defined as 
the thickness of the normal retina 0.5 to 1 
DD from the center of the macula. We 
graded, however, for center involvement. 
Hard exudates in the central subfield were 
graded on a scale from 0 to 5 by compari- 
son with standard photographs’ (Table 1). 

Fluorescein Angiography. — Fluorescein 
angiograms were graded using a modifica- 
tion of ETDRS protocols’; the two vari- 
ables considered were the outline of the 
foveal avascular zone (FAZ) and leakage of 
fluorescein (Table 2). The outline of the 
FAZ was graded from 1 to 6, according to 
the amount of disruption of the perifoveal 
capillary ring. 

Leakage was calculated for the entire 
macula, the central subfield, and geometric 
center of the macula, consistent with the 
areas studied for retinal thickening and 
hard exudates. An assignment of 1 to 4 was 
made, depending on the percentage of the 
field that revealed leakage in the late 
phases of the angiogram. No specific grad- 
ing for cystoid macular edema was 
planned; in fact, only one patient in this 
series had cystoid changes. 

All gradings of the photographs and 
angiograms were done by two of us (R.T.S. 
and C.M.L.) in a masked fashion; disagree- 
ments occurred in six FAZ gradings, two 
leakage gradings, and 11 area of thickening 
gradings. There were no disagreements 
with respect to hard exudates. Each case 
under disagreement was reevaluated (by 
J.G.C.-V. and H.C.C.), and a final grading 
was assigned. The FAZ gradings were not 
determinable in two angiograms. 


Vitreous Fluorophotometry 


Details of this procedure have been pre- 
viously described. Three scans were 


obtained with the fluorophotometer (Co- 
herent Fluorotron Master) (1) before injec- 
tion, (2) 30 minutes after injection, and (3) 
60 minutes after injection. Plasma samples 
were obtained at 15 and 60 minutes after 
injection by capillary finger stick to deter- 
mine the integral of plasma fluorescein 
concentration. The mean posterior vitreous 
fluorescein concentration between 2 and 4 
mm in front of the chorioretinal peak was 
measured at one hour and corrected for 
preinjection fluorescence. This was divided 
by the plasma integral of fluorescein con- 
centration to obtain the posterior vitreous 
penetration ratio, an accurate indicator of 
the integrity of the blood-retinal barrier to 
fluorescein in patients with early retinal 
damage.'^* 


Statistical Analysis 


A stepwise logistic regression analysis 
was performed, correlating visual acuity 
with the independent variables age, type 
and duration of diabetes, photographic 
grading (thickening, hard exudates), 
angiographic grading (FAZ, leakage), and 
fluorophotometric values. Visual acuity 
was first recalibrated on a logarithmic 
scale from 0 to 1, with 20/20 corresponding 
to 0 and 20/200 corresponding to 1. The 
stepwise regression on the independent 
variables was then carried out with the 
inclusion of successive variables in the 
model based on the F statistic criterion for 
partial correlations. The minimum F to 
enter was chosen to correspond to a P 
value of .15. Further stepwise regression 
was also performed in the group with type 
II diabetes to maximize the multiple corre- 
lation coefficient R? among all possible 
subsets of variables as predictors of visual 
acuity. Subsets of up to ten variables were 
considered. Standard univariate correla- 
tion coefficients were tabulated for all 
pairs of variables that met statistical cri- 
teria for entry into the subset regression 
analysis. 


RESULTS 


The observations for the 34 patient 
eyes are summarized in Table 3. For 
convenience, the results are grouped 
by visual acuity. The first group con- 
tained 13 eyes with 20/20 visual acu- 
ity. An intermediate greup of six eyes 
had 20/25 visual acuity. The third 
group comprised 15 eyes with 20/32 
visual acuity or worse. 


Best Predictors of Visual Acuity 


The highest univariate correlation 
with visual acuity was obtained with 
the fluorophotometry penetration ra- 
tio (r = .69, P = .0001). The next high- 
est univariate correlations with acu- 
ity were FAZ (r = .48, P = .0014) and 
patient age (r = .45, P = .008). 

The statistical analysis was re- 
peated for the more homogeneous 
subset of 29 patients with type II 
diabetes (Table 4). The highest uni- 
variate correlation with visual acuity 
was again obtained with the fluoro- 
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Table 3.—Evaluation of Macular Edema and Visual Acuity in 34 Diabetic Patients * 





Patient Profile Vitreous Stereo Fundus Photography Fluorescein Angiography 
o Fluor- A 
Type of ophotometry Thick HE Leakage 
Patient No./ Visual Diabetes/ PR, _————_— ee. «= FAZ OO 
Age, y Acuity Duration, y 10 9/ min Field 2 Central Center Central Center Outline Field 2 Central Center 
20/20 Visual Acuity 4 
1/63 20/20 Il/ 13 2.8 2 2 1 3 0 5 1 1 1 
2/55 20/20 Il/15 2.9 4 3 3 4 1 4 2 2 0 
3/54 20/20 II/9 3.3 3 2 2 4 1 ND 2 2 2 
4/62 20/20 Il/ 10 3.7 5 4 2 4 0 3 = 2 
5/38 20/20 1/24 3.8 3 2 O 3 0 2 Oo 0 
6/55 20/20 Il/ 17 3.9 5 4 3 4 0 2 1 1 
7/64 20/20 Il/ 18 5.1 4 3 1 3 1 2 = 0 
8/42 20/20 1/20 5.3 3 3 2 4 1 2 2 2 
9/49 20/20 /5 6.3 5 2 3 4 0 ND 2 2 1 
11/63 20/20 I/5 14.0 5 4 1 4 0 3 3 3 1 
oF 
20/25 Visual Acuity i 
14/70 20/25 Il/23 4.5 1 0 0 3 2 3 2 
15/45 20/25 /5 4.9 6 5 1 5 3 3 1 
16/57 20/25 Il/ 17 8.1 5 3 0 5 2 2 Z 
17/56 20/25 ll/15 10.2 5 4 0 3 3 3 Z 
18/46 20/25 1/17 15.3 2 3 0 3 2 2 1 
19/58 20/25 Il/ 15 26.7 5 4 1 5 2 5 2 3 2 
20/32 Visual Acuity 
20/55 20/32 Il/ 16 6.5 4 3 1 3 o 5 2 2 2 
21/58 20/32 Il/ 12 28.6 4 2 0 2 0 5 2 2 1 
22/55 20/40 I/ 17 17.4 6 4 2 4 0 5 4 4 4 
23/53 20/40 Il/ 17 24.0 5 4 2 4 1 3 2 4 2 
24/38 20/50 1/18 4.1 2 2 2 2 1 6 2 2 2 
25/61 20/50 /27 5.5 3 2 1 3 0 5 2 2 0 
26/72 20/50 Il/ 13 6.3 2 1 O 2 (0) 6 2 2 1 
27/65 20/50 Il/ 10 11.7 5 4 2 4 0 5 3 3 2 ^ 
28/55 20/50 Il/ 16 16.0 4 3 3 4 2 5 3 3 3 
29/73 20/63 Il/ 15 7.0 6 4 3 5 0 4 3 3 3 
30/57 20/63 Il/20 20.6 4 2 1 4 0 5 2 2 2 
31/63 20/ 100 Il/21 28.4 7 5 3 4 2 6 3 3 3 
32/61 20/160 I/4 24.2 3 2 1 3 O 5 2 2 2 
34/71 20/200 1/18 39.2 6 4 3 4 O 6 3 3 2 
* PR indicates penetration ratio; thick, area of thickening (see Table 1); center thick, retinal thickness at the center of the macula (see Table 1); HE, hard exudates; 
FAZ, foveal avascular zone; and ND, not determinable. 
* 
Vitreous 
Fluorophotometry Field 2 Foveal 
Penetration Area of Avascular 
Duration Ratio Thickening Leakage Zone 
Log visual acuity 
.45 (.008) 
Duration 
Vitreous .69 (.0001) 
fluorophotometry 
penetration ratio 
Thickening .39 (.023) 
Leakage .37 (.033) .44 (.009) .64 (.0001) 
Foveal avascular .43 (.014) 
"zone. ad 





Type . .39 (.024) 


^ ® "Values are r (P); NS indicates not significant. 
3» & " (N 
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Table 5.—Predictors of Visual Acuity in Diapetig Macular Edema (Type " Diabetes) * 


Vitreous 
fluorophotometry 

Vitreous 
fluorophotorrstry, 
age 

Vitreous | 


fluorophotorrstry, 


.018, .015 


.017, .015, .059 


Intercept 


.0001 C.004 


.0001, .009 —0.886 


.0001, .007, .05 





age, FAZ 


Predictors Without — 


.19 .018 


.30 .018, .80 
EVA, LR. . 





Age, FAZ, leakage 


02, .07 
170 O02, .02,..02 


| . ! 
* R? indicates nuultiple correlation coefficient; FAZ, foveal avascular zone. 


photometry penetration ratio (r = .73, 
P = .0001). Tle next highest univar- 
iate correlaticns were obtained by age 
(r2.46 P-:01) and FAZ (r=.35, 
P= .07). | 

Multivariase regression analysis, 
using both stepwise and subset 
regression, werified that the three 
best predicto-s of visual acuity in the 
sample studied were the vitreous fluo- 
rophotometr? penetration ratio, age, 
and FAZ (T.ble 5). Here again the 
best single predictor was the fluoro- 
photometry penetration ratio, with 
multiple »orrelation coefficient 
R? = .50, thu. explaining 50% of the 
visual acuity (P = .0001). By combin- 
ing the vitreous fluorophotometry 
penetration ratio and the patients’ 
age in two-variable model, 62% of 
visual acuitywas explained (P = .0001 
and P = .0092, respectively). A three- 
variable moc! consisting of the pene- 
tration ratio patients' age, and FAZ 
grading explained 69% of visual acu- 
ity (P=.@01, P=.0074, and 
P = .0532, respectively). 

No other variables met the F test 
for entry into the model, and subset 
regression cenfirmed that only mini- 
mal improvement in A? could be 
obtained by meluding the variables of 
leakage, foweal exudates, area of 
thickening, curation, center leakage, 
and foveal thickness. No improvement 
was obtainee by considering central 
and foveal leakage or hard exudates. 

However, =s shown in Table 4, cer- 
tain additioral variables had signifi- 
cant univamate correlations with 
visual acuity. In particular, leakage 
was significant on a univariate basis. 
That it did rot contribute to the mul- 
tivariate analysis reflected that 
angiographie leakage was also highly 
correlated w th fluorophotometry and 
provided little new information once 
fluorophotometry was introduced. 

To ascertaen the level of predictabil- 
ity of visual acuity without fluoropho- 
tometry, the data for only patients 
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with type II diabetes were analyzed 
again by stepwise regression after the 
penetration ratios were omitted. The 
best three predictors were then age, 
FAZ, and leakage, in that order. No 
other variable met the F test for 
significant improvement of the multi- 
variate correlation. Using all three 
variables, a total of 44% of visual 
acuity could be explained (Table 5). 


COMMENT 


At present, two well-accepted meth- 
ods are available to examine diabetic 
retinopathy clinically: fundus photog- 
raphy and fluorescein angiography. A 
third procedure, vitreous fluoropho- 
tometry, is still being established, 
although it appears to be the most 
promising of all three to follow up 
early changes of diabetic retinopa- 
thy.!0!57 

This cross-sectional study of diabet- 
ic patients with clinically significant 
macular edema shows that the vitre- 
ous fluorophotometry penetration 


ratio and the grading of FAZ on fluo- 
rescein angiography are the two best 
predictors of visual acuity in diabetic 
macular edema. Age also appears to 
play a substantial role in determining 
visual acuity. 

Minimal improvement in predicting 
visual acuity could be obtained by 
including other photographic or fluo- 
rescein angiographic gradings such as 
thickening, leakage, or total score of 
gradings. No improvement was 
achieved using other variables such as 
central leakage or central thickening, 
demonstrating the limitations of 
these grading procedures. It is impor- 
tant, however, to note that certain of 
these variables, as shown in Table 4, 
have significant correlations with 
visual acuity. In particular, leakage 
was significant on a univariate basis. 
The fact that it did not contribute to 
the multivariate analysis (Table 5) 
reflects its high correlation with fluo- 
rophotometry; leakage provides little 


new information once fluorophotome- 
try is introduced. This is certainly 
logical in regard to our present knowl- 
edge of leakage; fluorescein angio- 
graphic gradings and vitreous fluoro- 
photometric penetration ratios mea- 
sure the same pathologic process, 
namely, breakdown of the blood-reti- 
nal barrier. Finally, hard exudates do 
not appear to be useful indicators for 
visual acuity changes in clinically sig- 
nificant diabetic macular edema, nor 
do they correlate with the alteration 
of the blood-retinal barrier or isch- 
emic changes occurring in the diabetic 
retina. 

It is well accepted that the alter- 
ation of the blood-retinal barrier and 
ischemia, two of the major compo- 
nents of the diabetic disease process, 
are associated with macular ede- 
ma.?*!* [t has not been clear, however, 
if the macular edema detected on clin- 
ical examination as retinal thickening 
is mainly due to the extracellular 
swelling associated with breakdown 
of the blood-retinal barrier or to pos- 
sible intracellular swelling caused by 
ischemia and vessel closure. This 
study shows that retinal thickening, 
as documented by stereo fundus pho- 
tography, correlates in a statistically 
significant manner with the alter- 
ation of the blood-retinal barrier mea- 
sured by vitreous fluorophotometry 
and the leakage grading on fluoresce- 
in angiography. All three of these 
variables appear clearly interrelated. 
On the contrary, the capillary closure 
and ischemia detected by grading the 
outline of the FAZ does not correlate 
with retinal thickening or with any 
other variable studied aside from 
visual acuity; however, grading the 
outline of the FAZ is only one angio- 
graphic aspect of capillary closure. 
Better correlations might have been 
obtained with a more detailed grading 
scheme. 

Of interest to the clinician without 
access to fluorophotometry is that the 
more standard gradings provide some 
capability for predicting visual acuity. 
In particular, age, FAZ, and leakage 
grading on angiography can explain 
42% of visual acuity in patients with 
type II diabetic macular edema. This 
percentage, however, increases to 69% 
when fluorophotometry replaces the 
grading of leakage. 

Fundus photography is currently 
the most widely used method to follow 
up diabetic retinopathy.” Its major 
advantage is its ability to serve as a 
quick reference. It allows for easy 
comparisons between . f s 
studies and, therefore, is. 
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Its major limitations, however, are 
emphasized by the present findings. 
The information obtained by fundus 
photography in macular edema ap- 
pears to be of limited value regarding 
both visual acuity and the major com- 
ponents of macular edema: ischemia, 
and alteration of the blood-retinal 
barrier. 


Fluorescein angiography provides 
more useful information than fundus 
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photography, particularly as regards 
capillary closure, ie, ischemia, as 
shown by this study. Finally, vitreous 
fluorophotometry appears to offer the 
only quantifiable, sensitive outcome 
variable of diabetic macular edema 
presently available. The fluorescein 
penetration ratio measures one of the 
major components of macular edema, 
the breakdown of the blood-retinal 
barrier, and our findings show that in 
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Graphie Presentation of Computer-Analyzed 


Keratoscope Photographs 


Leo J. Maguire, MD; Ban E. Singer; Stephen D. Klyce, PhD 


e We describe a corneal topography 
analysis system that creates accurate 
high-resolution eraphics of corneal sur- 
face power from computer analysis of 
keratoscope photographs, and we 
present severa, examples of corneal 
shape an s. The major improvement 
in the updated version presented here is 
the development of a contour map of 
corneal surface power. Improvements in 
computer algorithms used to analyze the 
raw data obtained from the keratoscope 
photographs have also been made, result- 
ing in increasec accuracy. This system 
allows the ophthalmologist to see the 
patterns of power distribution on the cor- 
neal surface more easily than is possible 
by visual inspection of keratoscope pho- 
tographs. Improved corneal topography 
analysis s d find wide clinical applica- 
tion in the stucy of refractive corneal 
surgery techniques and in the study of 
corneal disorders that cause irregular 
astigmatism. 

(Arch Ophthalmol 1987; 105:223-230) 





ith the Lhe use of new surgi- 

cal procedures that correct re- 
fractive error by modifying corneal 
shape, it is increasingly important 
that methods for the analysis of cor- 
neal topography keep pace. Studies 
have shown tkat keratometry read- 
ings obtained after radial kerato- 
tomy,? myopie keratomileusis, and 
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epikeratophakia* correlate poorly 
with changes in refractive error. 

The keratoscope, an improved ver- 
sion of Placido’s disk, provides 
detailed information about the topog- 
raphy of the pericentral, midperipher- 
al, and peripheral cornea. Trained 
observers can obtain qualitative and 
semiquantitative information about 
the shape of the cornea from simple 
visual inspection of a keratoscope 
photograph.** More exact quantitative 
information can only be obtained by 
more sophisticated analysis of the 
keratoscope mires. 

In 1981, Doss and coworkers’ 
described an algorithm by which opti- 
cal power distribution along the ante- 
rior corneal surface could be deter- 
mined by analysis of raw data 
obtained from keratoscope photo- 
graphs. Rowsey and colleagues** used 
this information to create numerical 
plots that identify corneal surface 
power at selected points on each kera- 
toscope ring. In 1984, we introduced a 
computer-based analysis system that 
produced three-dimensional wire 
models of corneal surface distortion.° 
The major deficiency of this method 
was that a large segment of the physi- 
cian audience had difficulty in easily 
interpreting the wire model graph- 
ics. 

We have developed a new graphic 
presentation scheme that may be both 
economical and more generally useful 
in the interpretation of keratoscope 
photographs. Improvements in the 
computer algorithms used to analyze 
the raw data obtained from the kera- 
toscope photographs are also de- 
scribed. 


METHODS 


Many of the details of the specific meth- 
odology have been previously reported,*’ 
and while these are summarized here, only 
the changes from the earlier method are 
presented in detail. As before, photographs 
taken with a photokeratoscope (Photo- 
Keratoscope PKS-1000, Sun Contact Lens 
Company, Kyoto, Japan) are photographi- 
cally enlarged five times. Since commer- 
cially available video scanning digitizers 
were capable of only 500 lines per frame 
(recently, 1000 lines per frame) resolution, 
we hand-digitized the photographs with a 
digitizer (HIPAD, Houston Instruments, 
Austin, Tex) capable of 2000 lines per 
frame resolution. The resolution of the 
data-capturing device determines the accu- 
racy of the resultant power measurements. 
This has been calculated for the kerato- 
scope photographs: 500 lines per frame 
corresponds with 30 um of positional accu- 
racy on the corneal surface; 1000 lines per 
frame, 15 um; and 2000 lines per frame, 7.5 
um. For a 40-diopter surface, these accura- 
cies correspond with resolutions of 1.2, 0.6, 
and 0.3 D, respectively. These errors are 
smaller for powers less than 40 D and 
larger for powers more than 40 D. The 
discrete points obtained with the digitizer 
(5000 to 8000 per photograph) together 
with key patient demographic data are 
stored in a computer disk file. 

After the keratoscope mire positions 
have been determined, a rough initial esti- 
mate of the center of the inner mire is 
obtained from a biased center of mass 
calculation based on the entered coordi- 
nates of the innermost keratoscope mire. 
This estimate is used to transform the raw 
rectangular coordinates of the innermost 
mire to the polar coordinate system, which 
has the effect of linearizing the data. The 
polar-transformed data are then grouped 
into 10? segments of arc. Where enough 
data points are available in a segment 
(some segments may be missing entirely), 
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a linear regression is used to determine the 
center coordinates of the best-fitting circle 
for that segment of arc. For a given seg- 
ment, the linear regression analysis is per- 
formed iteratively when any of the raw 
data points lie more than three confidence 
intervals (95% level) from the calculated 
fitting line. This has the effect of eliminat- 
ing points caused by static or other error in 
the digitization process. The resultant set 
of best-fitting segment center coordinates 
is then geometrically averaged to form an 
improved estimate of the center of the 
inner mire. This procedure is repeated, 
each time using the most recently obtained 
estimate, until two consecutive center esti- 
mates are equal within the resolution of 
the digitizing system. Keratoscopes that 
could project a point onto the corneal 
surface to represent the center of the inner 
keratoscope ring would obviate the need 
for these calculations. 

Using the refined center estimate, the 
rectangular coordinates of all mires are 
converted to polar coordinates, the raw 
data are smoothed, and diopter point val- 
ues are calculated as previously described’ 
from locally calculated elevations in corne- 
al surface geometry. Corneal lens power is 
extremely sensitive to measurement errors 
in calculated surface geometric coordi- 
nates. Hence, the smoothed data, which 
result in a set of data every 2° of are for 
each keratoscope mire (where visible), are 
further statistically refined by fitting the 
power calculations of each meridian with a 
fifth-order polynomial curvilinear least- 
squares routine. This eliminates a substan- 
tial amount of background noise, improv- 
ing the reproducibility and accuracy of the 
final output. 

The major improvement in the presenta- 
tion of corneal shape informaticn reported 
in this article is the color-coded contour 
map of corneal surface power. Several 
major computer algorithms were involved 
in the development of this program. First, 
a power contour mapping program identi- 
fied the entire range of corneal surface 
power and divided the surface into areas of 
similar power. These subset power ranges 
may be as small as 1.5 D before visual 
confusion becomes a problem. Next, a set 
of algorithms was developed that could 
scan through the calculated surface powers 
to recognize the boundaries between areas 
of different power ranges. Finally, algo- 
rithms were developed to fill each area 
identified with the appropriate color for its 
power. Areas of lowest corneal power were 
assigned blue spectrum hues, and areas of 
higher power were identified by colors 
closer to the red spectrum. Our present 
system identifies up to 11 separate contour 
intervals using six pure colors and five 
intermediate mixtures of these colors on a 
six-pen color plotter (HP7475, Hewlett- 
Packard, Palo Alto, Calif). 

The analysis of a keratoscope photo- 
graph of a normal cornea (Fig 1, A) is 
displayed in Fig 1, B through E. The final 
graphic outcome of this work consists of 
four parts. The accuracy of the manual 
digitization is checked with a plot of the 
original data (Fig 1, D). The calculated 
center is identified by a small cross. The 
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Fig 1.—Keratoscope photograph and graphic representations of computer-analyzed kerato- 
scope photographs from case 1. A (above), Circular, evenly spaced rings suggest corneal 
surface of uniform power. B, Color-coded contour map of corneal power. Color guide above 
figure identifies diopter power ranges represented by each color. This type of power distribution 
is typical for normal cornea. C, Diopter at a point plot. D, Computer reproduction of keratoscope 
data from Fig 1, A. Cross identifies center of inner mire. E, Stereo pair wire mode! distortion plot. 
T indicates temporal; N, nasal; /, inferior; and S, superior. 


scales on the x and y axes describe the 
distance in millimeters of any point from 
the calculated center point. Using this 
scale and the original photograph as a 
reference, the observer can see the area of 
the cornea analyzed. The size of the ana- 
lyzed area will vary with the steepness of 
the cornea: keratoscope mires have smaller 
diameters on steep corneas and larger 
diameters on flat corneas. Three-dimen- 
sional stereo pair wire models of corneal 
surface powers are also depicted (Fig 1, E) 
as an aid to those with spatial reconstruc- 
tion abilities. A cornea of uniform surface 
power appears flat, as does the wire model 
plot in Fig 1, E. Areas of higher power 
appear as elevations and areas of lower 
power as depressions. A plot of surface 
powers in diopters at individual points is 
provided as a reference (Fig 1, C). Since the 
system calculates surface power every 2° 
on each visible keratoscope mire, up to 
1980 points may be calculated from an 
ll-ring keratoscope photograph and used 
in the generation of the wire model and 
color contour plots. For practical reasons, 
only a few of these points rounded to the 
nearest diopter are represented in the 
numerical power plot. The number within 
the central circle of the numerical power 
plot is an unweighted average of the diop- 
tric power of the central three keratoscope 
mires. The corneal surface area enclosed 
by these three mires is roughly similar to 
the central corneal surface power mea- 
sured by keratometry, and to achieve cor- 
respondence with known measures of cor- 
neal power, surface powers reported with 
this method are calculated with the effec- 
tive whole corneal refractive index of 


1.3375 that is used by most keratometers. 
Finally, the color-coded contour map of 
corneal surface power is shown in Fig 1, B. 
The two graphics in Figs 1, D and E, are 
used primarily to check the accuracy of the 
manual digitization and the innermost 
mire center calculation (quality control), 
and, therefore, they are not included in 
subsequent figures. 


RESULTS 


Selected analyses are presented to 
convey the potential usefulness of 
these new procedures. 

CasE 1.—The keratoscope photo- 
graph displayed in Fig 1, A, was 
obtained from the right eye of a 32- 
year-old man with no history of con- 
tact lens wear and no history of ocular 
disease. Keratometry readings were 
41.00 X 41.00, and uncorrected visual 
aculty was 20/15. 

The color contour map (Fig 1, B) 
shows the pattern of corneal surface 
power distribution that is expected 
for a normal spherical cornea—uni- 
form central and midperipheral cor- 
neal power and slightly lower periph- 
eral power. This pattern is more rap- 
idly identified by inspection of the 
contour map than by examining the 
numerical power plot or the wire mod- 
el plot. 

CasE 2.—The keratoscope photo- 
graph shown in Fig 2, A, was obtained 
from the left eye of a 29-year-old man 
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with a history of myopic astigmatism. 
There was no history of contact lens 
wear. Visual acuity was 20/20 
with a manifest refraction of —6.00 
+ 2.25 x 90°. Keratometry readings 
were 44.50 X 46.50 X 90°. The color 
contour map and numerical power 
plots that correspond with Fig 2, A, 
are shown in Fig 2, B and C. 

The blue and blue-green hues iden- 
tify the areas of lowest corneal sur- 
face power, and the green contour 
describes the area of highest surface 
power. The axis and degree of cylinder 
correspond closely with the keratome- 
try readings. This analysis demon- 
strates the ability of the contour maps 
to describe subtle variations in corne- 
al surface power not readily identified 
from visual inspection of the kerato- 
scope photograph. 

Case 3.—The keratoscope photo- 
graph shown in Fig 3, A, was obtained 
from a 36-year-old woman 3% months 
after radial keratotomy in the right 
eye. Preoperative visual acuity was 
20/20 with a manifest refraction of 
—4.00. Preoperative keratometry 
readings were 43.50 X 44.12 120°. 

On the day the keratoscope photo- 
graph was obtained, uncorrected visu- 
al acuity was 20/40. Manifest refrac- 
tion of —0.75 improved visual acuity to 
20/20. The contour map and corneal 
power plot that correspond with Fig 3, 
A, are shown in Fig 3, B and C. 

In contrast to the plot of the spher- 
ical cornea in Fig 1, B, this color plot 
shows a flattened central cornea. 
However, the flattening is not uni- 
form in all meridians, indicating vari- 
able effects of the radial keratotomy 
incisions in different parts of the cor- 
nea. This pattern of power distribu- 
tion is diffieult to detect by simple 
visual inspection of the original kera- 
toscope photograph and is more readi- 
ly communicated by the color contour 
map than by the numerical power 
plot. 

CasE 4.— A 32-year-old woman with 
a history of keratoconus since age 16 
years presented to the LSU Eye Cen- 
ter, New Orleans, with a complaint of 
contact lens intolerance in the right 
eye. Keratometry readings were 
53.12 X 71.75 X 111°. Manifest refrac- 
tion with a hard contact lens allowed 
a visual acuity of 20/30. The keratos- 
cope photograph of the right eye 
appears in Fig 4, A. The contour map 
and numerical power plot that corre- 
spond with Fig 4, A, are shown in Fig 
4, B and C. 

The numerical power plot generated 
by computer analysis of Fig 4, A, 
shows a wide range of corneal surface 
powers. The pattern of power distri- 
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Fig 2.—A (above), Keratoscope photograph from case 2. Elliptical shape of innermost mire 
(keratoscope sign of astigmatism) is barely detectable to trained observer. B, Color contour map 
generated from Fig 2, A. Corneal pattern of regular astigmatism is readily identified, and flat and 
steep axes correspond well with keratometry readings. C, Numerical power plot. 


Fig 3.—A (below), Keratoscope photograph from case 3. Radial keratotomy incisions are 
apparent. Shape and distribution of keratoscope mires do not appear to differ substantially from 
those of normal cornea shown in Fig 1, A. B, Color contour map from Fig 3, A, demonstrates 
nonuniform flattening of central cornea from radial keratotomy. Lowest corneal powers are found 
in superior cornea between the 0° and 180° meridians and in inferior cornea between 236° and 
300° meridians. C, Numerical power plot. 
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bution is difficult to evaluate. The 
color contour map displays 11 sepa- 
rate contour intervals between 34.0 
and 83.5 D. Each interval represents a 
4.5-D change in surface power. The 
contour map shows the apex of the 
cone surrounded by concentric bands 
of progressively lower surface power. 
The entire analyzed corneal surface 
appears to be affected by the cone 
(note the subnormal power in the 
superonasal quadrant). 

The patient underwent epikerato- 
phakia for correction of keratoconus 
in the right eye on Sept 26, 1985. All 16 
sutures were removed by three 
months after surgery. Two weeks 
after suture removal, uncorrected 
visual acuity in the right eye was 
20/50. Manifest refraction of 
—1.00 + 2.00 X55 improved visual 
acuity to  20/30—2. Keratometry 
readings were 43.25 X 45.25 X 60° 
with slight distortion of the corneal 
mires. The keratoscope photograph 
obtained at that visit is shown in Fig 
5, A. The color contour map and 
numerical power plot are shown in Fig 
5, B and C. 

The contour map allows detailed 
description of the pattern of corneal 
surface power distribution caused by 
the onlay lamellar graft. The color 
contour map shows a range of 40.0 to 
53.5 D. Each color represents a 1.5-D 
range of surface power. This differs 
markedly from the range of 34 to 83 D 
and the 4.5-D contour interval of the 
preoperative analysis (Fig 4, B). The 
postoperative contour map shows a 
corneal surface whose central 3-mm 
optical zone has a relatively regular 
moderate astigmatism with a flat axis 
centered near the horizontal axis and 
whose steep axis is near the 90? 
meridian. Nasal to the optical zone, 
the power of the corneal surface 
increases rapidly while corneal power 
temporal to the optical zone increases 
gradually. The relatively uniform cor- 
neal surface power and the regularity 
of the astigmatism present in the 
optical zone explain the good uncor- 
rected and best corrected visual acuity 
attained by the patient only 3% 
months after surgery. 


COMMENT 


The color contour scheme intro- 
duced in this article integrates the 
information generated by the analysis 
system into a graphic presentation 
that conveys to the observer an easily 
understood image of corneal topogra- 
phy. The system permits the observer 
to "see" the shape of the cornea as a 
whole in specific detail. Unlike the 
numerical power plot, which allows 
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Fig 4.—A (above), Keratoscope photograph from case 4 prior to epikeratophakia for keratoco- 
nus. Irregular shape of mires indicates severe irregular astigmatism. B, Color contour map 
generated from Fig 4, A. Contour map shows cone apex surrounded by concentric bands of 
progressively lower power. C, Numerical power plot. 


Fig 5.—A (below), Keratoscope photograph from case 4 at 3% months after epikeratophakia for 
keratoconus. Note marked reduction in surface irregularity. B, Color contour plot generated from 
Fig 5, A. Range in map is from 40.0 to 53.5 D with each color interval identifying a 1.5-D range of 
corneal surface power. Contour map shows corneal surface whose central 3-mm optical zone 
has relatively regular moderate astigmatism. Flat axis of astigmatism appears to be centered 
near horizontal axis, and steep axis is centered near 90° meridian. Power in peripheral nasal 
cornea increases rapidly, while temporal corneal power increases gradually. C, Numerical power 
plot. 





Keratoscope Photographs — Maguire et al 


1 , Fs Dc, MACE Bota DUM xta WIT SEE — 

sk mans 5 l 3 T t TI TU " ae eee Peres en "m 
* « > ‘ - P va " - P ! » 

p.e d t Er i ; : 


ae | 


| 


3403.0 3-.1-4.0 44.4-49.0 49.4-54.0 54.4-59.0 59.1-64.0 64.1-69.0 69.1-74.0 74.1-79.0 79.1-84.0 84.1-89.0 
















B C 
5 SUPERIOR 5 POWERS (D) 
4 4 - 
; 41 is 
43 41 7 
3 3 37 
a = 37 
38 367 
2 2 52 
45 47 50 42 4555 
rs es sa ^9 37 
1 1 -= Bs 45^ 
gq EA gp 
0 TEMPORAL 0 485256 61 63 62 60 66.5) 6154 48 44 44 3836 35 34 - 
S 67 707 a 
-4 -4 -7 Bo 7 53 
: 62 n nme 6 
-2 -2 63 74 58 - 
59 r 
-3 -3 k 
-4 -4 » 
-5 -§ i i i | | TEN POM 
-5 § 4 3 2 «i 0 1 e 3 4 5 
Distance (mm) Distance (mm) 
40.0-41.5 4135-43.0 43.1-44.5 44.6-46.0 46.1-47.5 47.6-49.0 49.1-50.5 50.6-§2.0 52.1-53.5 
B | b 
: | SUPERIOR ‘ POWERS (0) 
| 
' | ^ ena t E "fu, à x 
SNC Mele: ;] - z, 
F 3 | : , 3 - do 
4s $2 - 
; É : o- “u 44 f 
z 43 “6 S spe 
- 4343 44 45 48 
i z 1 2, 655 g 
ne 4 at 
0 >= TEMPORAL 0 45 44 43434342 42 41 41 4243 46 5053 - 
LI 4 4 
"H-a 42 43 
é i= -4 L au ~“ 
“> we | ute 45 
m! ET 44 44 45 B 
-2 E -2 45 45 48 
46 iis 1 
-3 | -3 48 S - 
| 52 
-4 | -4 
P -5 | -5 i i | ! i i l j 
-5 4 -3 -2 0 1 2 3 4 5 § ^34 35. 0 1 e 3 4 5 


Distance (mm) 


Distance (mm) 


Arch Ophthalmol— Vol 105, Feb 1987 Keratoscope Photographs— Maguire et al 229 


e v> 4 
RAP aS TOM UL 





E 

-Y 

, vi 
4 

4 

B3 


1: 


i 
A 
q 
i y 

i 
~4 


A na 
= is uw 
>h eit PM au 


s MEC uum SaL 


.00 
GÀ c. 
m } JA sw xs S 


i vuU CUT 


identification of corneal surface pow- 
er at a limited set of points on each 
keratoscope mire, the contour map 
allows identification of corneal power 
at any point on the corneal surface 
within the domain of the visible kera- 
toscope mires. By using the scale that 
accompanies the plots and the origi- 
nal keratoscope photograph as a ref- 
erence, the corneal area analyzed by 
the system is readily understood. 
Most importantly, patterns of corneal 
power distribution impossible to com- 
prehend by visual inspection of the 
original keratoscope mire can be 
understood by an observer after a 
short training period. 

We believe that the improvement in 
our data analysis has led to a more 
accurate representation of corneal 
surface power. The most important of 
these improvements are our newly 
devised algorithms for determining 
the center of the inner mire. Our 
previously reported technique for cen- 
ter calculation was highly accurate 
for relatively spherical surfaces? but 
was found to generate artifactual data 
when analyzing a corneal surface with 
an irregularly shaped inner mire. This 
new centering algorithm, combined 
with the high resolution of our digitiz- 
er, the large number of points ana- 
lyzed, and the use of sophisticated 
smoothing programs to reduce noise, 
has contributed to the improved accu- 
racy of our data analysis. 

This system appears to have wide 


1. Arrowsmith PN, Sanders DR, Marks RG: 
Visual, refractive, and keratometric results of 
radial keratotomy. Arch Ophthalmol 1983; 
101:873-881. 

2. Deitz MR, Sanders DR, Marks RG: Radial 
keratotomy: An overview of the Kansas City 
study. Ophthalmology 1984;91:467-478, 

3. Kornmehl EW, Swinger CA, Pugh JW, et al: 
Corneascope evaluation of myopic keratomileu- 
sis, abstracted. Invest Ophthalmol Vis Sci 
1985;26(suppl):203. 


application to the field of corneal sur- 
gery, particularly in the area of 
refractive surgery. Comparative 
studies of the optical quality of corne- 
al refractive techniques performed for 
the correction of myopia, hyperopia, 
and astigmatism, and stability studies 
of these surgically created optical sur- 
faces will be possible. The technique 
may also improve our understanding 
of subjective complaints, such as dis- 
tortion, fluctuations in visual acuity, 
and near-vision difficulties, that are 
occasionally voiced by patients after 
refractive surgery. 

The system should also allow objec- 
tive and accurate analysis of new cor- 
neal refractive techniques in animal 
models, which should improve the 
quality of these techniques when 
finally applied in clinical trials. 

The topography analysis system 
will also allow a more detailed study 
of conditions that can cause irregular 
corneal astigmatism, such as kerato- 
conus, pellucid marginal degenera- 
tion, Terrien’s marginal degeneration, 
corneal transplantation, and cataract 
surgery. 

While the present system advances 
our ability to understand the optics of 
the corneal surface, further improve- 
ments are necessary. The entire anal- 
ysis system is based on the quality of 
the keratoscope image, and improved 
keratoscopes that identify the center 
of the inner keratoscope mire and 
allow a larger portion of the corneal 
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surface (especially the optically 
important central cornea) to be evalu- 
ated are needed. Production of auto- 
mated digital scanners with sufficient 
resolution to allow highly accurate 
analysis of keratoscope photographs 
would eliminate the need for the pho- 
tographic enlargement and manual 
digitization used in the present sys- 
tem. 

We believe that the corneal topog- 
raphy analysis system presented in 
this article can be used to improve our 
understanding of the optical perfor- 
mance of the corneal surface, especial- 
ly in the field of refractive surgery. 
We are currently devoting some effort 
to adapt this technology to microcom- 
puters, which could allow this system 
to be readily available to ocular sur- 
geons at reasonable cost, but note that 
improvements in commercial kerato- 
scopes are necessary as vell for opti- 
mal analysis and presentation of cor- 
neal topography. 
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Clinicopa-hologic Reports 


Edited by W. Richard Green, MD 


Endolaser, Cryopexy, and Retinal Reattachment 
in the Air-Filled Eye 


A Clinicooathologic Correlation 


Robert N. Johnsen, MD; Alexander R. Irvine, MD; Irmgard S. Wood 


e We report the histopathology of 
intraocular argo« blue-green laser photo- 
coagulation lesicns and transscleral cryo- 
pexy lesions in he air-filled human eye. 
Two days after treatment, the cryopexy 
lesions showee full-thickness retinal 
involvement, incuding disruption of the 
internal limiting amina. The laser lesions 
showed full-thiekness involvement as 
well. These observations emphasize the 
need for cautior with thermal treatment 
modalities in the3ir-filled eye. Ophthalmo- 
scopic examinason 48 hours following 
vitrectomy, interaal drainage of subretinal 
fluid, and gas filbof the vitreous cavity for 
diabetic macula detachment of several 
months’ duratior showed the retina to be 
attached. However, histopathologic ex- 
amination revea®d a thin layer of persis- 
tent subretinal flaid, demonstrating that it 
may take longer han is clinically apparent 
for true retinal reattachment to occur 
following gas tamponade of posterior ret- 
inal breaks. Prelonged gas tamponade 
may be necessaw before retinal reattach- 
ment, with reestablishment of photore- 
ceptor-pigment epithelial adherence, can 
be expected to kelp seal unrecognized or 
untreated postesor retinal breaks. 

(Arch Ophthatmol 1987;105:231-234) 
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T'he ability to flatten the retina at 
the time of vitrectomy with a 
fluid-air exchange has led to the use 
of intraocular laser photocoagulation 
and transscleral cryopexy in the air- 
filled eye to seal retinal breaks or to 
ablate ischemic diabetic retina.'* 
Though the histologic appearance of 
intraocular laser photocoagulation 
and transscleral cryotherapy has been 
studied in fluid-filled eyes, the histo- 
logic appearance of these lesions 
placed in the human air-filled eye has 
not, to our knowledge, been re- 
ported.*?? 

Since the heat absorption charac- 
teristics of fluids differ from those of 
gases," the appearance of laser and 
cryopexy lesions might be expected to 
differ in the fluid-filled eye as com- 
pared with the air-filled eye. This 
report describes the  two-day-old 
appearance of intraocular argon laser 
lesions and transscleral cryopexy 
lesions in the human vitrectomized 
air-filled eye. In addition, we report 
the histopathology of the photorecep- 
tor and retinal pigment epithelial 
interface two days following what 
appeared clinically to be reattach- 
ment of a chronic diabetic macular 
detachment by means of vitrectomy, 
internal drainage of subretinal fluid, 
and gas fill of the vitreous cavity. The 
clinical implications of these findings 
are discussed. 


REPORT OF A CASE 


A 60-year-old man with a 15-year histo- 
ry of diabetes was referred with prolifera- 
tive vitreoretinopathy and neovascular 
glaucoma in his left eye and a retinal 


detachment involving the macula in his 
right eye. By history, the vision had been 
poor in the right eye for about four months 
and had deteriorated over the past four 
weeks in the left eye. Examination showed 
a visual acuity of 3/200 OD and 20/200 OS. 
Both lenses showed moderately dense 
nuclear sclerosis. Fundus examination of 
the right eye showed a combined traction- 
al-rhegmatogenous retinal detachment of 
the posterior pole extending to the periph- 
ery. Areas of fibrovascular proliferation 
were present extending supratemporally 
and nasally from the optic nerve. 

The patient underwent panretinal pho- 
tocoagulation and cyclocryotherapy for the 
neovascular glaucoma in his left eye. The 
patient was then admitted to the hospital 
for better control of his diabetes, which 
required hydration and insulin therapy. 
After stabilization of his medical condi- 
tion, the patient underwent a vitrectomy, 
lensectomy, internal drainage of subreti- 
nal fluid, fluid-air exchange, argon 
endophotocoagulation, and  transscleral 
cryopexy for the retinal detachment in his 
right eye. Areas of atrophic holes superior 
to the disc, and superotemporal to the 
macula distal to the arcades, were treated 
with argon endophotocoagulation. We used 
0.1-s duration and 500-mW power, with the 
tip of the laser probe held 5 to 8 mm from 
the retina. A medium degree of retinal 
whitening served as the end point. À cryo- 
pexy panretinal ablation pattern was then 
performed in the peripheral retina. 

Postoperatively he was maintained in a 
face-down position. On the first postopera- 
tive day, ophthalmoscopic examination 
showed that the macula and the entire 
retina were flat. On the second postopera- 
tive day, the patient suffered a cardiac 
arrest while being examined. An attempt 
at resuscitation was unsuccessful. The eyes 
were enucleated and placed in fixation 
media within one hour following death. 
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Fig 3.—Cryopexy lesion. Note apparent necrosis (arrows) and occlu- 


sion of choroidal vessels (arrowheads), with surrounding hemorrhage 
(basic fuchsin and methylene blue, original magnification X512). 


METHODS 


A 25-gauge needle was placed into the 
right eye through the pars plana. The gas 
in the vitreous cavity was aspirated and 
replaced with fixative, and the eye was 
then submerged in the fixative consisting 
of 1% paraformaldehyde, 2% glutaralde- 
hyde, with a final concentration of 0.068 
mg of sodium cacodylate buffer, and the 
addition of 0.2% calcium chloride, at a pH of 
7.4. Five- to eight-millimeter blocks were 
excised from the right eye to examine the 
areas of endophotocoagulation lesions, 
cryopexy lesions, and the macula. The 
excised tissue blocks were each placed in 
fresh fixative in individual, labeled speci- 
men vials. A total of four cryopexy lesions, 
one from each quadrant, and eight intra- 
ocular laser lesions were examined. Follow- 
ing a rinse in 0.068 mol/L of sodium caco- 
dylate buffer, at a pH of 7.4, the tissues were 
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Fig 1.—Edge of cryopexy lesion. Note marked necrosis on right 
produced by cryopexy treatment. Choriocapillaris to left (arrow) 
appears intact as compared with thrombotic appearance to right (basic 
fuchsin and methylene blue, original magnification X 128). 
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postfixed with 176 osmium tetroxide in 
sodium veronal acetate buffer for two 
hours, rinsed in sodium veronal acetate 
buffer (pH, 7.4), and en bloc stained with 
0.576 uranylacetate for one hour. Following 
dehydration in graded acetone, 50% to 
10075, and propylene oxide, the specimens 
were embedded in epoxy resin A (Araldite 
502) and polymerized. One-micrometer sec- 
tions of the selected areas were stained with 
basic fuchsin and methylene blue for light 
microscopy and photographed with a pho- 
tomicroscope (Zeiss). 


RESULTS 


All four of the cryopexy lesions 
showed full-thickness retinal necrosis 
(Figs 1 and 2). The choroid was thick- 
ened and edematous, and areas of 
choroidal hemorrhage were present 
(Figs 1 and 3). The choriocapillaris 


* ~ le = ` 
Fig 2.—Cryopexy lesion. Full thickness of retina is involved and internal 


limiting membrane (arrows) is disrupted. Choriocapillaris (arrowheads) 
appears engorged (basic fuchsin and methylene blue, original magnifi- 
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Fig 4.—Endolaser lesion. Damage is present in all retinal layers. Note 
bordering uninvolved retina on either side (basic fuchsin and methylene 
blue, original magnification X 128). 


was engorged, and many deeper cho- 
roidal vessels appeared thrombotic 
(Fig 2). An acute inflammatory reac- 
tion was present in areas as well. The 
retinal pigment epithelium was dis- 
rupted and extracted. The outer and 
inner retinal layers showed dissolu- 
tion, with morphologic features diffi- 
cult to discern. The internal limiting 
membrane was disrupted in all speci- 
mens (Figs 1 and 2). All of these 
findings made for a striking contrast 
with untreated neighboring retina 
and choroid (Fig 1). 

Six of the eight argon endolaser 
photocoagulation burns showed full- 
thickness retinal involvement (Fig 4). 
The underlying choriocapillaris was 
closed in all specimens, and some 
lesions showed closure of deeper cho- 
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Fig 5.—Endolaser lesion. Higher magnification of Fig 4 (original 
magnification X512). Choriocapillaris (arrows) appears occluded, as 


does deeper choroidal vessel (arrowheads). 





roidal vessels (Fig 5). Pyknotic nuclei 
were typically present in all retinal 
layers (Fig 4). Two lesions showed 
marked retinal necrosis. The internal 
limiting membrane was disrupted in 
these specimens. 

Examination of the macula demon- 
strated the presence of a thin layer of 
subretinal fluid. The outer segments 
were totally absent, and the inner 
segments appeared shortened (Figs 6 
and 7). Phagocy:es and outer-segment 
debris were present in the subretinal 
space (Fig 7). The inner retinal layers 
looked surprisingly healthy in some 
areas (Fig 6). 


COMMENT 


Intraocular laser photocoagulation 
for the localized treatment of retinal 
breaks, and for panretinal photocoag- 
ulation for proliferative retinopathy, 
is now frequently used during vitrec- 
tomy surgery following intraoperative 
pneumatic retinal reattachment." 
Peyman and coworkers’ studied 
intraocular argon and krypton laser 
photocoagulation lesions in nonvitrec- 
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Fig 6.—Note presence of subretinal fluid under macula (arrows), and 
complete absence of outer segments. Inner segments appear short- 


ened (arrowheads) (basic fuchsin and methylene blue, original magni- 


fication X 128). 


magnification X512). 


tomized, pigmented Dutch rabbits. 
The histologic appearance of the 21- 
day-old lesions showed outer retinal 
damage, typically sparing the inner 
retina. Landers and coworkers* re- 
ported the histologic appearance of 
six-week-old argon laser intraocular 
photocoagulation lesions in vitrec- 
tomized rhesus monkey eyes and com- 
pared these lesions with argon 
laser lesions placed by a standard 
slit-lamp delivery system.* Outer reti- 
nal damage was noted primarily, but 
with more pigment dispersion extend- 
ing into the sensory retina in many of 
the intraocular argon laser lesions as 
compared with the lesions placed by a 
slit-lamp delivery system. The au- 
thors thought that this suggested a 
more explosive nature to the intraocu- 
lar argon laser lesion. 

Cryopexy lesions placed in eyes 
with and without a retinal detach- 
ment have been studied. ^? Heavy 
eryopexy lesions produce damage that 
extends to the nerve fiber layer but 
spares the internal limiting lamina. 
Müller's fibers survive and proliferate 


Fig 7.—Higher magnification of Fig 6 showing presence of shortened 
inner segments (arrowheads) and outer-segment debris (arrows) in 
subretinal fluid-filled space (basic fuchsin and methylene blue, original 


to form an adhesion with retinal pig- 
ment epithelium or with Bruch's 
membrane directly if retinal pigment 
epithelial regeneration fails to occur. 

Since the heat absorption charac- 
teristies of fluids differ from those of 
gases, the histologic appearance of 
laser and cryopexy lesions might be 
expected to differ in the fluid-filled 
eye as compared with the air-filled 
eye.” Clinicians have noted that when 
transscleral cryopexy is applied to the 
air-filled eye during vitrectomy sur- 
gery, the white freeze continues to 
expand for a short period after the 
freezing apparatus is turned off. 

The relationship between the 
amount of heat that a substahce 
absorbs and the temperature rise that 
is produced is referred to as the spe- 
cific heat of the substance. The specif- 
ic heat of a particular substance is 
defined as the number of calories 
(heat) required to raise 1 g of the 
substance 1?C. Water is unique and 
can absorb relatively more heat with- 
out showing a significant temperature 
rise than many other fluids. Fluids in 
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general have a higher specific heat 
than gases. 

Heat absorption by melanin, hemo- 
globin, and macular xanthophyll pig- 
ments during argon blue-green laser 
photocoagulation leads to spread of 
the thermal energy to the surround- 
ing retina. Fluid in the vitreous over- 
lying the laser lesion can absorb more 
heat than can air, and this produces a 
smaller temperature elevation. A 
fluid-filled eye can thus provide a 
heat-sink effect and allow more effec- 
tive dissipation of heat in the retina. 
Because of this, one would expect a 
more rapid spread of a laser lesion in 
the air-filled eye as compared with 
the fluid-filled eye. Additionally, it is 
possible that the thermal spread 
might continue for a longer period in 
the air-filled eye since the tempera- 
ture in the overlying vitreous cavity 
would be expected to be higher, acting 
to intensify the local temperature 
rise. This would also produce a hotter, 
more intense laser lesion. Histologi- 
cally this appeared to be the case. The 
laser lesions usually involved full- 
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2. Michels RG: Vitrectomy techniques in reti- 
nal re-attachment surgery. Ophthalmology 1979; 
86:556-585. 

3. Charles S, Wang C: A motorized gas injector 
for vitreous surgery. Arch Ophthalmol 1981; 
99:1398. 

4. Brucker AJ, Hoffman ME, Neuyas HJ, et al: 
New instrumentation for fluid-air exchange. Ret- 
ina. 1983;3:135-136. 

9. Peyman GA, Grisalono JM, Palacio MN: 
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krypton laser. Arch Ophthalmol 1980;98:2062- 
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6. ‘Landers MB, Trese MT, Stefansson E, et al: 
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thickness retina. 

A similar intensity would be ex- 
pected for transscleral cryopexy. In 
this setting, fluid overlying the vitre- 
ous could stabilize the temperature 
change in the retina more effectively 
than air. The cryopexy lesions demon- 
strated this concept; full-thickness 
retinal necrosis was present in all 
specimens. 

Examination of the macula demon- 
strated that the retina was not flat in 
this area, as was believed by clinical 
examination. The source of the sub- 
retinal fluid could be incomplete 
drainage during the vitrectomy, or 
postoperative exudation produced by 
the endolaser photocoagulation'^ and 
cryopexy. The presence of a layer of 
subretinal fluid shows the difficulty 
in assessing accurately the complete 
extent of retinal reattachment in the 
air-filled eye. Moreover, the photore- 
ceptors were completely absent in the 
macula. This is similar to the appear- 
ance of chronic experimental retinal 
detachments in owl monkeys de- 
scribed by Machemer." The absence of 
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outer segments demonstrates the 
desirability of prolonged tamponade 
in cases where tamponade is helpful 
in closing posterior breaks and main- 
taining reattachment until regenera- 
tion of the outer segments can restore 
a photoreceptor-pigment epithelial 
adherence. 

When intraocular laser photocoagu- 
lation and transscleral cryopexy are 
performed in the air-filled eye, the 
therapist needs to be aware that the 
thermal dynamics are sufficiently dif- 
ferent in the air-filled eye that the 
intensity of these lesions is magnified 
to a surprising extent. The availabili- 
ty of this human eye provides a unique 
histologic demonstration of this 
increased intensity; a laser or cryo- 
pexy burn of power and duration suf- 
fieient to provide a partial-thickness 
burn in the fluid-filled eve is likely to 
produce full-thickness retinal de- 
struction in the air-filled eye. 
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Histopathology of Krypton Red Laser 


Panretiaal Photocoagulation 


A Clinicopathologic Correlation 


Robert N. Johnsca, MD; Alexander R. Irvine, MD; Irmgard S. Wood 


e The histopathologic appearance of 
five-day-old and 14-day-old krypton red 
laser-created panretinal photocoagula- 
tion lesions in the diabetic human eye is 
described. The fwe-day-old lesions were 
examined near tae equator. The 14-day- 
old lesions were near the temporal ar- 
cades and optic disc. Both groups of laser 
lesions showed = similar degree of dam- 
age and occiusien in the lamina chorio- 
capillaris and deeper choroidal vessels. 
The 14-day-old posterior laser lesions 
showed outer retinal damage, whereas 
the five-day-ole peripheral lesions 
showed full-thicxness retinal involve- 
ment, probably »ecause the peripheral 
retina is approxirsately half the thickness 
of the posterior retina. The five-day-old 
lesions showed no evidence of repair, 
whereas the 14-day-old lesions showed 
an adhesion formed with tight junctions 
binding Müller's ‘bers to retinal pigment 
epithelium. 

(Arch Ophthalr*»ol 1987; 105:235-238) 


The Diabetic Retinopathy Study 
showed the »fficacy of panretinal 
photocoagulation.’ The histopatholo- 
gy of xenon arcand argon laser pan- 
retinal photoceagulation has been 
reported. Comparative histopatho- 
logic studies o- krypton red, argon 
blue-green, and argon green have been 
reported in humans and monkeys.*? 
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Histopathologic studies to date of 
laser lesions in human eyes have been 
limited to specimens less than 24 
hours, or more than four months, 
after photocoagulation. Studies using 
monkey and rabbit eyes have eval- 
uated the evolution of the histopatho- 
logic appearance of laser lesions. 
However, the correlation of healing 
rates in monkey and rabbit eyes with 
rates in human eyes is uncertain. We 
report a clinicopathologic correlation 
of five-day-old and 14-day-old kryp- 
ton red laser panretinal photocoagu- 
lation lesions in a diabetic patient. 
The striking difference between the 
posterior and the peripheral lesions is 
stressed in addition to the absence of 
healing or chorioretinal adherence at 
five days. 


REPORT OF A CASE 


A 60-year-old man with a 15-year histo- 
ry of diabetes was referred with a diagno- 
sis of retinal detachment in his right eye 
and neovascular glaucoma and prolifera- 
tive diabetic retinopathy in his left eye. 
Vision had been poor in the right eye for 
about four months and had deteriorated 
over the past four weeks in the left eye. 
Examination showed a visual acuity of 
3/200 OD and 20/200 OS. The intraocular 
pressure was 9 mm Hg OD and 42 mm Hg 
OS. Slit-lamp examination of the right eye 
showed flare (1+) and no cells, a small 
amount of neovascularization at the pupil- 
lary border, and an open angle without 
angle neovascularization. Slit-lamp exami- 
nation of the left eye showed flare (2+) and 
cells (1+), marked iris neovascularization, 
and 330? of angle closure with peripheral 
anterior synechiae. Both lenses showed 
moderately dense nuclear sclerosis. Fun- 
dus examination of the right eye showed a 
combined tractional and rhegmatogenous 


retinal detachment. Fundus examination 
of the left eye showed neovascularization 
on the disc and along the supratemporal 
arcade. Panretinal laser photocoagulation 
of the left eye was attempted the same day. 
However, the moderately dense nuclear 
sclerosis prevented treatment with argon 
laser. Because of this, the krypton red laser 
was used. A retrobulbar anesthetic of 1% 
lidocaine hydrochloride was used. A mod- 
erately intense degree of retinal whitening 
was used as an end point. A total of 631 
laser spots of 500 um, 0.1 s duration, and 
760 mW were placed with a panfundu- 
scopic lens. Treatment was extended to a 
point slightly posterior to the equator for 
360°. 

He was given actetazolamide sequels, 
0.5% timolol maleate, 0.1% dipivefrin 
hydrochloride, and 1% prednisolone ace- 
tate. The krypton red panretinal photoco- 
agulation in his left eye was completed 
nine days later. A retrobulbar anesthetic 
was used, and a similar degree of retinal 
whitening determined the end point. A 
Goldmann three-mirror lens was used, and 
treatment was extended anteriorly from 
the previous treatment border. A total of 
290 applications of 500 um, 350 mW, and 0.2 
s duration were placed. Because of persis- 
tent elevation of his intraocular pressure 
and complete closure of his angle, he 
underwent cyclocryotherapy to the inferior 
half of the globe, consisting of five applica- 
tions at —80? for 60 s. The patient was then 
admitted to the hospital for better control 
of his diabetes, necessitating hydration 
and a switch to insulin therapy. After 
stabilization of his medical condition he 
underwent a vitrectomy, lensectomy, fluid- 
air exchange, argon endophotocoagulation, 
and transscleral cryopexy of his right eye. 
On the second postoperative day, the 
patient suffered a cardiac arrest, and an 
attempt at resuscitation failed. The eyes 
were enucleated and placed in fixation 
media within one hour following death. 
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Fig 1.—Fourteen-day-old krypton red laser 
lesion showing damage extending to inner 
nuclear layer (arrowheads). Lamina chorioca- 
pillaris (arrows) is occluded (basic fuchsin and 
methylene blue, X512). 


METHODS 


A 4-mm incision was made at the pars 
plana of the left eye, and the eye was 
placed in a fixative consisting of 1% para- 
formaldehyde and 2% glutaraldehyde, 
with a final concentration of 0.068 mg of 
sodium cacodylate buffer and the addition 
of 0.2% calcium chloride, at a pH of 7.4. 
Next, 5- to 8-mm blocks were excised from 
the eye to examine the areas of photocoag- 
ulation lesions. The 14-day-old laser 
lesions were selected from those near the 
posterior pole just superior and inferior to 
the temporal arcade, and from those on the 
nasal side of the disc. The five-day-old 
lesions were examined in each of the four 
quadrants just anterior to the vortices. 
Eight of the 14-day-old and eight of the 
five-day-old laser lesions were examined. 
The excised tissue blocks were each placed 


Bg SSD in fresh fixative in individual specimen 
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Ceti v tg EB OSS LU M E cq v, sodium cacodylate buffer at a pH of 7.4, the 
b) CL nuu Mp END Sus Pu: tissues were postfixed with 1% osmium 
tetroxide in sodium veronal acetate buffer 
for two hours, rinsed in sodium veronal 
acetate buffer at a pH of 7.4, and en bloc 
stained with 0.5% uranyl acetate for one 
hour. Following dehydration in graded ace- 
tone (50% to 100%) and propylene oxide, 
the specimens were embedded in epoxy 
resin A and polymerized. Serial sectioning 
was performed to obtain the largest diam- 
eter of the laser lesions. One-micrometer 
sections of the selected areas were stained 
with basic fuchsin and methylene blue for 
light microscopy and photographed with a 
photomicroscope (Zeiss). Ultrathin sec- 
tions were examined and photographed 
using a transmission electron microscope, 
(JEOL 100-c). 


RESULTS 


The 14-day-old laser lesions all 
showed damage extending through 
the outer plexiform layer (Fig 1). The 
lamina choriocapillaris was occluded 
in the area of the laser lesion as well 
as for a variable distance extending 
laterally from the edge of the lesion 
(Fig 1). Some deeper choroidal vessels 
were also occluded (Fig 1). The reti- 
nal pigment epithelium appeared 
multilayered, with overlying glial 
cells replacing the outer and inner 
segments and the outer nuclear layer 
(Fig 1). Bruch’s membrane appeared 
to be intact in all sections. Spindle- 


Fig 2.—Electron micrograph of 14-day-old 
laser lesion. Spindle-shaped cells are directly 
attached to Bruch's membrane (arrows) with 
retinal pigment epithelium cells and Müller's 
fibers overlying them. Note preservation of 
external limiting lamina (arrowheads) 
(X3200). 
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shaped cells overlying Bruch’s mem- 
brane were p»esent in many areas 
(Figs 1 and 2) Retinal pigment epi- 
thelial cells were overlying these cells 
or were dire-tly in contact with 
Bruch's membrane (Figs 1 through 
3). In some areas, Müller's fibers 
directly adhered to Bruch's mem- 
brane. Areas œ junctional complexes 
between retinal pigment epithelial 
cells and Miiller’s fibers were present 
(Fig 3). 

The five-day-old laser lesions all 
involved full-tlickness retina (Fig 4). 
A remarkable characteristic was the 
apparent lack 5f healing; the lesions 
appeared to be fresher than we had 
expected at five days. The lamina cho- 
riocapillaris ir the base of the laser 
lesion was oceluded, as were many 
deeper choroid! vessels (Fig 4). The 
full thickness of the retina appeared 
swollen. Pyknctic nuclei were present 
in all layers (F g 4). No disruptions in 
Bruch's memb-ane were seen. 

The average retinal thickness was 
0.14 mm in the untreated portions of 
the midperipheral retina from which 
the five-day-o»«d laser lesions were 
sampled. The average retinal thick- 
ness was 0.22 mm in the untreated 
portions of the more posterior retina, 
where the 14day-old laser lesions 


were sampled. 


COMMENT 


The histopatholegy of xenon arc 
and argon lase- panretinal photocoag- 
ulation has been reported.? Wallow 
and Davis? resorted on four-month- 
old argon laser and 19-month-old 
xenon arc photocoazulation lesions in 
two eyes from human diabetics. The 
majority of the xenon and argon 
treatment lesions showed full-thick- 
ness retinal involvement. No breaks in 


` tE 


Fig 4.—Left, Five-day-old krypton red laser lesion also appears fresh, with full-thickness retinal 


Bruch’s membrane were seen. All 
lesions were considered severe; they 
were further subdivided into very 
severe, moderately severe, and severe. 
The authors correlated the ophthal- 
moscopic appearance of these lesions 
with their histopathologic appear- 
ance. Kincaid and associates? reported 
the histopathology of six eyes from 
human diabetics; four had received 
xenon arc panretinal photocoagula- 
tion and two had received argon laser 
photocoagulation. The age of these 
lesions ranged from 19 months to six 
years. The xenon lesions usually 
involved full-thickness retina, where- 


as the argon lesions were more vari- 
able and usually involved the outer 
retinal layers. Kincaid and associates 
noted disruptions in Bruch’s mem- 
brane in both types of treatment. 
Krypton red laser lesions are typi- 
cally deep and involve principally the 
outer retina and choroid, with sparing 
of the inner retina. Argon blue-green 
laser lesions near xanthophyll pig- 
ment in the macula can show signifi- 
cant inner retinal energy absorption. 
Smiddy and associates‘? reported that 
krypton red, argon blue-green, and 
argon green lesions outside the macu- 
la were indistinguishable. However, 
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Fig 3.—Higher-magnification electron micrograph of 14-day-old laser lesion demonstrates 
junctional complex (arrow) between Müller's fibers and retinal pigment epithelium (X23 500). 
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involvement and closure of even larger, deeper choroidal vessels (basic fuchsin and methylene 
blue, X128). Right, At higher magnification near center of laser lesion, marked damage to 
deeper choroidal vessels can be seen (basic fuchsin and methylene blue, X512). 
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Thomas and coworkers’ reported that 
krypton red laser lesions outside the 
macula retained their characteristic 
deep choroidal energy absorption and 
damage. 

The laser lesions in this clinicopath- 
ologic report showed a remarkable 
difference between the posterior pole 
and the periphery; the posterior laser 
lesions involved mostly the outer reti- 
na, whereas the peripheral laser 
lesions involved full-thickness retina. 
The media were of equal clarity at the 
two treatment sessions, but the optics 
of a panfunduscopic lens (used for the 
posterior pole lesions) led to a larger 
burn and lower energy density than 
the three-mirror lens (used for the 
peripheral treatment), and the timing 
and power settings differed between 
the two treatment sessions. Neverthe- 
less, the clinical end point for deter- 
mining laser power setting is the 
degree of retinal whitening, and the 
same experienced therapist (A.R.I.) 
performed all of the laser treatments. 
In his judgment, it appeared that the 
extent of retinal whitening was simi- 
lar in the two treatment sessions. In a 
normal human eye, the retina is thick- 
est near the optic disc and thins as it 
extends to the ora serrata retinae.'? In 
this case, the retinal thickness in the 
posterior pole near the temporal 
arcades was 0.22 mm and near the 
equator, 0.14 mm. Despite using com- 
parable degrees of observed retinal 
whitening, the posterior lesions 
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involved the outer retina and the 
peripheral lesions involved the full 
thickness of the retina. In retrospect, 
this would seem predictable from the 
difference in retinal thickness in the 
two regions. 

The retinal repair that occurs fol- 
lowing xenon arc, argon blue-green, 
argon green, and krypton red laser 
photocoagulation has been investi- 
gated in primates.?!! Wallow and asso- 
ciates" reported that following xenon 
arc photocoagulation in monkeys, 
two-day-old lesions showed full-thick- 
ness retinal necrosis. By six days, 
proliferation of partially pigmented 
cells along Bruch's membrane ex- 
tended throughout the lesion; this 
formed a reparative tissue that 
bridged the defect. Smiddy and asso- 
ciates’ reported that seven-day-old 
krypton red laser lesions showed reti- 
nal pigment epithelial cell hyperpla- 
sia replacing the outer retinal layers. 
In marked contrast, the five-day-old 
laser lesions we report appeared 
remarkably fresh. There was not yet 
any evidence of repair by proliferation 
of retinal pigment epithelial or glial 
cells. 

It is unclear whether this is a char- 
acteristic of krypton red laser lesions 
or, more likely, is due to the difference 
between the repair response in a 
healthy rabbit or monkey eye com- 
pared with an ischemic eye from a 
diabetic human. To our knowledge, 
the histologic appearance of krypton 
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red laser lesions during the early 
repair period has not been previously 
reported in humans. Our results have 
implications for the use of photocoag- 
ulation to form a chorioretinal adhe- 
sion. The five-day-old laser lesions 
showed no evidence of forming such 
an adhesion; by 14 days, however, the 
lesions showed evidence of repair. 
Currently available krypton red 
laser histopathologic studies have 
involved simulated clinical settings. 
In addition, to our knowledge, no 
peripheral krypton red laser lesions 
have been reported. The krypton red 
laser lesions in this report demon- 
strate the prominent choroidal energy 
absorption that is characteristic of 
this wavelength. In addition, we noted 
a surprising degree of retinal energy 
absorption in the peripheral laser 
lesions. This suggests that the degree 
of retinal whitening used as an end 
point in the periphery possibly should 
be somewhat less than that used in 
the posterior pole. Also, the lack of 
repair in the five-day-old laser lesions 
supports the requirement of pro- 
longed intraocular tamponade when 
the technique of intravitreal gas tam- 
ponade and photocoagulation is uti- 
lized to form a chorioretinal adhesion 
during retinal detachment surgery. 
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Argon Laser Panretinal Photocoagulation for 


Diabetic Retinopathy 


Scanning Electron Microscopy of Human Choroidal Vascular Casts 


David J. Wilson. MD, W. Richard Green, MD 


e Plastic casts of the choroid of a 
76-year-old dia»etic man who received 
panretinal photccoagulation for prolifera- 
tive diabetic retinopathy were studied 
with the scanning electron microscope. 
Despite a 14-manth interval between the 
last panretinal photocoagulation session 
and death, numerous choriocapillaris-fill- 
ing defects were present and correlated 
with photocoagulation lesions present on 
antemortem flucrescein angiograms. 

(Arch Ophthaimol 1987;105:239-242) 


Argon laser panretinal photocoagu- 
lation-induced regression of reti- 
nal neovascularization in diabetic 
patients is weil documented'5; there 
have been many excellent histopatho- 
logic studies of the light and electron 
microscopic features of the retina 
and choroid sollowing argon laser 
photocoagulation in experimental 
animals*' and humans.*'^?! 

Recently, the choroidal microvascu- 
lar repair process after laser photoco- 
agulation was studied in cats,” using 
scanning electron microscopy of vas- 
cular casts. Perry and Risco,” in a 
study of single argon laser photocoag- 
ulation lesions: in the cat choroid, 
found that 30 days after mild and 
moderately intense burns, the chorio- 
capillaris-filling defects seen earlier 
had been repaired. The capillaries 
occupying the sites of the laser lesions 
lacked the normal lobular pattern of 
the carpeted choriocapillaris. In 
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lesions characterized as severe, repair 
of the choriocapillaris was reported to 
be more limited and variable. Their 
findings differ from those of Diddie 
and Ernest? who documented chorio- 
capillaris closure in monkeys 45 days 
after argon laser photocoagulation 
with a neoprene latex perfusion tech- 
nique. Choriocapillaris-filling defects 
were found at all photocoagulation 
intensities employed, rather than only 
with high-intensity lesions. 

Stratas and coworkers? studied the 
choroidal microvascular repair pro- 
cess in cats following confluent argon 
laser photocoagulation. The only evi- 
dence of choriocapillaris repair at 60 
days was a uniform rearrangement of 
the choriocapillaris at the margin of 
the laser lesion and a continuous 
demarcating capillary separating the 
uninvolved from the involved chorio- 
capillaris. 

We have studied a vascular cast of 
the right eye of a patient who under- 
went argon laser panretinal photoco- 
agulation for proliferative diabetic 
retinopathy. Persistent choriocapil- 
laris-filling defects were seen in areas 
of confluent and single laser lesions. 


REPORT OF A CASE 


The patient, a 76-year-old man, under- 
went panretinal photocoagulation (else- 
where) in the right eye from August 1981 
to December 1984 for mild proliferative 
diabetic retinopathy consisting of both 
neovascularization elsewhere and neovas- 
cularization of the disc. When the patient 
first presented for ophthalmologic care, he 
had severe fibrovascular proliferation in 
the left eye, with hand motions visual 
acuity; no treatment was performed in the 
left eye. A total of 1843 argon laser burns 
were placed in the midperipheral and 
equatorial retina of the right eye using 
variable treatment settings: power, 100 to 
500 mW; duration, 0.2 to 0.3 s; and spot size, 


50 to 500 um. The patient's last ophthalmo- 
logic examination was on Dec 9, 1985, when 
visual acuity was 20/30 and the retinal and 
optic disc neovascularization had re- 
gressed in the right eye. On Feb 24, 1986, 
the patient died, 14 months after the last 
session of panretinal photocoagulation. 
Both eyes were obtained at autopsy. 


MATERIALS AND METHODS 


The eyes and orbital contents were 
removed by a cranial approach so the 
ophthalmic artery could be cannulated at 
its origin from the internal carotid 
artery.^^ The orbital vessels were per- 
fused with heparinized saline solution and 
then with a freshly prepared casting com- 
pound consisting of Batson’s monomer 
base solution, 25 mL; Batson's catalyst, 7.5 
mL; Batson's promoter, 0.5 mL; and methyl 
methacrylate, 12 mL. The casting com- 
pound was allowed to polymerize for one 
hour, and the orbital contents were placed 
in 475 formaldehyde for 24 hours. The eye 
was gently dissected from the orbital tis- 
sues and opened circumferentially at the 
pars plana so that gross photographs could 
be taken. The ocular tissues were removed 
by digestion at 40°C in a solution of 6 
mol/L of potassium hydroxide. The cast 
was cleaned, air dried, coated with gold 
palladium, and examined with a scanning 
electron microscope (AMR 1000) at an 
accelerating voltage of 20 kV. 


RESULTS 


Numerous filing defects were 
present in the cast of the choriocapil- 
laris that were correlated with photo- 
coagulation lesions noted grossly and 
on previous fluorescein angiograms. 
The fluorescein angiographic and 
scanning electron microscopic appear- 
ance of six peripheral laser lesions are 
illustrated in Fig 1. The retinal vessels 
shifted slightly during the digestion 
and drying process so that the rela- 
tion between the retinal vessels and 
the laser lesions is slightly different 
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Fig 1.—Fluorescein angiographic (left) and scanning electron microscopic (right) appearance of laser lesions. Retinal 
vessels shifted slightly in digestion process so that relation between retinal vessels and laser lesions is slightly different in 
cast compared with fluorescein angiogram. Five corresponding lesions are indicated (arrows) (right, vascular cast, 
x20). 
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Fig 2.—Higher-power view of lesions shown in Fig 1. Higher magnification of laser lesions 4 (left) and 5 (right). There is a 
nearly continuous capillary that demarcates treated from untreated choroid (vascular cast: left, X 140; right, 170). 


in the cast compared with the fluores- 
cein angiogram. The filling defects in 
the chorioeapillaris correspond to sin- 
gle-laser lesions ranging from 200 to 
500 um in diameter. 

Lesions 4 and 5 (as illustrated in Fig 
1) are seen at higher power in Fig 2. 
These lesions are demarcated from 
the surrounding untreated choriocap- 
illaris by a nearly continuous capillary 
and measure 200 um (smallest diam- 
eter) to 400 um (largest diameter). 

At higher power, lesions 3 and 6 are 
crossed by several choroidal capil- 
laries (Fig 3, left). In lesion 3, the 
capillaries are of normal diameter 
and almost completely fill the defect, 
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but they lack the normal lobular 
structure of the untreated chorioca- 
pillaris. Lesion 6 (Fig 3, center and 
right) is crossed by several vessels 6 to 
8 um in diameter that are much small- 
er than the capillaries of the 
untreated choroid (18 to 20 um in 
diameter ). 

The fluorescein angiographic ap- 
pearance of confluent laser lesions 
just inferior to the inferotemporal 
vein and scanning electron micro- 
graphs of the corresponding area of 
the vascular cast are shown in Fig 4. A 
large filling defect is present in the 
choriocapillaris and is bounded by a 
nearly continuous capillary. 


COMMENT 

Conventional histopathologic stud- 
ies of the integrity of the choriccapil- 
laris after argon laser photocoagula- 
tion have provided conflicting reports. 
Smiddy and coworkers? found taat 24 
hours after argon laser photocoagula- 
tion in humans the choriocapillaris 
was partially occluded, and there was 
fibrin deposition in some medium- 
sized choroidal veins in midperipheral 
lesions. Their observations were simi- 
lar to those made by Weingeist!5 in his 
study of 24-hour-old argon laser 
lesions in the papillomacular bundle. 
Apple and coworkers," and Thomas et 
al” studied the effect of argon laser 
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Fig 3.—Left, Area surrounded by arrowheads corresponds to laser lesion 3 in Fig 1. Capillaries of normal diameter 
occupy almost entire laser lesion, but they are less dense and lack lobular structure of untreated choriocapillaris. Center 
and richt, Higher-power view of laser lesion 6. Treated area is crossed by several vessels of smaller-than-normal diameter 
(vascular cast: left, X41; center, X100; right, X450). 





Fig 4.—Area of confluent laser photocoagulation just below inferotemporal vein. Arrows mark temporal margin of laser 
treatment cn fluorescein angiogram and margin of choriocapillaris on vascular cast (left, fluorescein angiogram at 50.5 s; 
right, vascular cast, X50). 


photocoagulaticn in the human eye 24 
hours after treatment and reported 
that the choriocapillaris was occluded 
by fibrin and celular debris. 

Long-term studies of the effect of 
argon laser phetoccagulation on the 
human choriocapillaris have also been 
inconclusive. Wallew and Davis” 
studied one patient treated with 
argon laser photocoagulation four 
months before the patient’s death and 
noted “irregular obliteration of the 
[choroidal] capillaries combined with 
loss of pigment and fibrosis of the 
stroma. We have not been able to 
quantify these choroidal changes 
accurately.” Rodrigues and Currier’ 
reported that the choriocapillaris “ap- 
peared intact” in their study of one 
patient who died four years after pan- 
retinal photocoagulation. 

Similarly, conventional histopatho- 
logic studies of argon laser photocoag- 
ulation in monkeys, 7?! eats," and 
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rabbits’ have yielded conflicting 
reports. Some of the investigators 
have found partial or complete paten- 
cy of the choriocapillaris in long-term 
lesions,^*? whereas others have 
noted occlusion of the choriocapil- 
laris.^?4 

Many of the animal studies were 
of lesions located more posteriorly 
than the lesions in panretinal pho- 
tocoagulation.*^?!'4 Posteriorly, 
the choriocapillaris is denser and 
the retina is thicker than in the 
periphery, and these differences 
could result in less occlusion of the 
choriocapillaris and different healing 
characteristics. 

Clinicopathologic correlation of ar- 
gon laser panretinal photocoagula- 
tion in our patient revealed persistent 
defects in the choriocapillaris 14 
months after his last photocoagula- 
tion session. The power settings used 
in the treatment of this darkly pig- 


mented patient were fairly low. The 
gross appearance of the laser lesions 
was similar to those classified as 
severe by Wallow and Davis," who 
devised a scheme for classifying 
lesions as very severe, severe, or mod- 
erately severe, based on their gross 
and clinieal appearance and histo- 
pathologie characteristics. Sixteen of 
the 26 long-exposure (0.5 s) argon 
laser burns studied by Wallow and 
Davis were of the severe category, 
indicating that this intensity of pho- 
tocoagulation corresponds to that 
commonly employed in treating 
patients with proliferative diabetic 
retinopathy. The scanning electron 
microscopic appearance of the filling 
defects in our patient are similar to 
the severe single lesions described in 
cats by Perry and Risco,” the lesions 
described in monkeys by Diddie and 
Ernest? and the confluent laser 
lesions described in cats by Stratas 
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and coworkers.” 

Some of the single laser lesions in 
our patient showed evidence of 
microvascular repair of the filling 
defect (lesions 3 and 6). This was 
unusual, as most of the correlated 
lesions had the appearance of those 
illustrated in Fig 2. All the lesions 
were demarcated by a nearly continu- 
ous capillary similar to that described 
by Stratas and colleagues.” One lesion 
(lesion 6) was crossed by capillaries of 
extremely small diameter; we believe 
these may represent recanalized 
thrombotic capillaries or capillaries 
that were only partially occluded. 

There are several possible explana- 
tions for the relative lack of chorio- 
capillaris repair in our patient com- 
pared with the cats studied by Perry 
and Risco.” The cats were treated in 
the region of the retinal tapetum, 
where the choriocapillaris is very 
dense and where there is possibly a 
greater capacity for repair of the cho- 
riocapillaris than in the retinal 
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periphery. In addition, the cats were 
healthy, whereas our patient was 
elderly and diabetic. Hidayat and 
Fine* demonstrated marked thicken- 
ing of the basement membrane of 
choroidal vessels in patients with 
severe diabetic retinopathy. Feher 
and Valu? found changes in the cho- 
roidal collagen with increasing age. It 
is possible that diabetic and age-re- 
lated changes prohibit a microvascu- 
lar repair process similar to that of 
the cat. 

The presence of choriocapillaris- 
filling defects following photocoagu- 
lation has some implication for 
studies regarding the mechanism by 
which photocoagulation induces re- 
gression of retinal neovascularization. 
One theory?*? states that photocoagu- 
lation makes the choroidal oxygen 
supply more available to the retina by 
destruction of the outer retinal layers 
and their inherent high oxygen con- 
sumption. However, if the choriocapil- 
laris is destroyed, as in our case and in 
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Central Nervous System and Peripheral Mechanisms in 


Ocular Hypotensive Effect of Cannabinoids 


John H. K. Liu, FaD, Angela C. Dacus 


e Systemic acministration of cannabi- 
noids decrease- intraocular pressure 
(IOP). To determane whether the mecha- 
nism of action criginates in the central 
nervous system, we administered various 
cannabinoids inte the cerebral ventricles 
of conscious New Zealand albino rabbits. 
When A*-tetrahydrocannabinol (A?-THC), 
A*-tetrahydrocanmabinol, cannabinol, and 
cannabidiol were given intravenously, 
only A*-THC preduced dose-dependent 
ocular hypotenson and miosis. Bolus 
administration in® the cerebral ventricles 
or ventriculocisternal perfusion of A*-THC 
| did not change IDP or pupil size. In ure- 
thane-anesthetized rabbits, IOP and blood 
pressure were Mwered by intravenous 
administration of. A*-THC but not by bolus 
cerebral adminicration. These observa- 
tions indicate thet the action of cannabi- 
noids on IOP dces not originate in the 
central nervous system. Alteration of 
blood pressure may be involved in the 
mechanism of ocular hypotension in- 
duced by A*-THC. 

(Arch Ophthalmo/ 1987;105:245-248) 


Smoking marijuana causes  de- 
creased iatraecular pressure 
(IOP),' decreased tear secretion, mio- 
sis, and conginctival hyperemia.’ 
Intravenous in ection of A’-tetrahy- 
drocannabinol (A°-THC), the most 
active psychotropic ingredient of mar- 
ijuana, decreases [OP in both humans? 
and rabbits.’ 

The use of raarijuana is accompa- 
nied by severe psychological effects 
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originating in the central nervous sys- 
tem (CNS). Possible CNS mecha- 
nisms of cannabinoids on IOP have 
been investigated, using animals that 
had superior cervical ganglionectomy 
or decentralization of the sympathetic 
trunk.** A loss of effect of cannabi- 
noids on IOP in the denervated eye 
was taken as an indication of a CNS 
mechanism. We used an alternative 
technique? to study the possible CNS 
origin of ocular hypotensive mecha- 
nisms by administering A’-THC, A*- 
tetrahydrocannabinol (A*-THC), can- 
nabinol, and cannabidiol (Sigma 
Chemical Co, St Louis) into the cere- 
bral ventricles of rabbits. 


MATERIALS AND METHODS 


Adult male New Zealand albino rabbits 
(3 to 5 kg) were used. Intraocular pressures 
were measured with a modified pneumatic 
tonometer (Digilab Inc, Cambridge, Mass), 
calibrated for rabbit eyes. Topical 0.5% 
proparacaine hydrochloride was applied as 
a local anesthetic prior to tonometry. For 
each measurement, we averaged three suc- 
cessive IOP readings. Using a ruler, we 
measured pupil size under a constant light 
source. 

The responses of IOP to intravenous 
doses of A?- THC, A*- THC, cannabinol, and 


cannabidiol were determined in groups of 
five conscious rabbits. These water-insolu- 
ble test agents were dissolved in a vehicle 
of 100% alcohol (volume, 100 to 333 uL) and 
given intravenously via the ear vein. The 
doses of A?-THC were 0.01, 0.1, 0.33, and 1 
mg; A*- THC, 0.01, 0.1, and 1 mg; and canna- 
binol and cannabidiol, 0.1, 1, and 10 mg. 
The control group of five rabbits received 
100 or 333 uL of the vehicle. A washout 
period of at least one week was allowed if 
rabbits were reused. Pupil size and IOP 
were measured before the injection and at 
15, 30, 60, and 90 minutes and 2, 3, and 4 
hours after. 

To prepare the rabbits for bolus cerebral 
administration of cannabinoids and ven- 
triculocisternal perfusion of A*-THC, we 
surgically implanted cannulae for the lat- 
eral ventricles and the cisterna magna.’ 
One week of postsurgical recuperation was 
allowed. 

For the bolus cerebral administration of 
cannabinoids, the rabbit was put in a 
restraint. After obtaining stable IOP, we 
inserted a 22-gauge needle into one lateral 
ventricle through the lateral cannula and 
another 22-gauge needle into the cisterna 
magna through the cisternal cannula. We 
infused the test agent in 10 uL of alcohol 
and then infused the artificial cerebrospi- 
nal fluid” into the lateral ventricle, using a 
peristaltic pump (Minipuls-2, Gilson Medi- 
cal Electronics Inc, Middletown, Wis) at a 


Intraocular Pressure and Pupil Size Responses to Cannabinoids * 


Route and Agent Dose, mg 
Intravenous administration 
A9-Tetrahydrocannabinol 0.01, 0.1 
0.33 
1 
A8-Tetrahydrocannabinol 0.01, 0.1, 1 
Cannabinol 0.1, 1, 10 
Cannabidiol 0.1, 1, 10 
Cerebral administration 
A9-Tetrahydrocannabinol 0.01, 0.1, 1 
A8-Tetrahydrocannabinol 0:01, 0:4, 1 
Cannabinol O.1, 1, 10 


Cannabidiol 0.1, 1, 10 


Intraocular Pressure Pupil Size 
Unchanged Unchanged 
Decreased Unchanged 
Decreased Miosis 
Unchanged Unchanged 
Unchanged Unchanged 
Unchanged Unchanged 
Unchanged Unchanged 
Unchanged Unchanged 
Unchanged Unchanged 


Unchanged 


Unchanged 





* Five conscious rabbits were used for each dose. 
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Fig 1.— Changes in intraocular pressure (IOP) after administration of A?-tetrahydrocannabinol (A°-THC) in conscious rabbits. 
Baseline IOP at solid circle ranges from 17.0 to 19.7 mm Hg. Left, Intravenous administration. Open circle (blue) indicates 
vehicle; triangle (black), 0. 1-mg dose of A?-THC; inverted triangle (orange), 0.33-mg dose of A?-THC; square (red), 1-mg dose of 
A*-THC; asterisk (green), P < .05; and double asterisk (green), P < .01. Right, Central administration. Open circle (blue) 
indicates vehicle; triangle (black), 0.0 1-mg dose of A?- THC; inverted triangle (orange), O. 1-mg dose of A?- THC; and square (red), 


1-mg dose of A°-THC. 


constant rate of 30 uL/min. Using the same 
pump, we simultaneously withdrew the 
rabbit's natural cerebrospinal fluid at the 
same rate from the cisterna magna. A 
stable intracranial pressure was main- 
tained. The perfusion continued for five 
minutes, which allowed the test agent to 
reach the third ventricle and hypothala- 
mus. Pupil size and IOP were measured at 
the same intervals as in the experiment 
with intravenous cannabinoids. The doses 
were 0.01, 0.1, and 1 mg for A’-THC and 
A*-THC and 0.1, 1, and 10 mg for cannabi- 
nol and cannabidiol. A vehicle without 
cannabinoids was administered in the con- 
trol group. Five rabbits were used for each 
dose of the four cannabinoids and for the 
control group. 

We studied A’-THC further using the 
ventriculocisternal perfusion technique,’ 
which could maintain a constant concen- 
tration of the test agent in the cerebro- 
spinal fluid. The experimental setup was 
similar to that described earlier. After 
obtaining stable IOP, we perfused artifi- 
cial cerebrospinal fluid through the lateral 
ventricle, third ventricle, fourth ventricle, 
and cisterna magna at 30 „L/min for 30 
minutes. We added A°’-THC in alcohol to 
the artificial cerebrospinal fluid, which 
was bubbled with 5% carbon dioxide to 
form a suspension. The perfusate was 
replaced by this suspension. The ventricu- 
locisternal perfusion then continued for 
one hour. It was followed by a one-hour 
washout period with perfusion of artificial 
cerebrospinal fluid. Various amounts (0.1, 
1, 10, and 100 ug/min) of A*-THC were 
perfused in groups of five rabbits. Control 
experiments with the vehicle as the test 
agent were conducted in five rabbits 
according to the same procedure. Pupil size 
and IOP were measured before the admin- 
istration of A°’-THC and at 15-minute 
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Fig 2.— Changes in intraocular pressure (IOP) after intravenous injection of A*-tetrahydrocan- 
nabinol (A?- THC) in urethane-anesthetized rabbits. Baseline IOP at solid circle ranges from 18.2 
to 23.3 mm Hg. Open circle (blue) indicates vehicle; triangle (black), O. 1-mg cose of A?-THC; 
inverted triangle (orange), 0.33-mg dose of A?-THC; square (red), 1-mg dose of /?-THC; asterisk 
(green), P < .05; and double asterisk (green), P < .01. 


intervals for two hours and then at three 
and four hours after. The rabbits rested for 
at least two weeks between ventriculocis- 
ternal perfusions or bolus cerebral admin- 
istrations of cannabinoids. 

We monitored cardiovascular parame- 
ters in urethane-anesthetized (1.5 g/kg) 
rabbits that received A*-THC by intrave- 
nous injection (0.1, 0.33, or 1 mg) or bolus 
cerebral administration (1 mg). The femo- 
ral artery was cannulated. Blood pressure 
and pulse rate were measured, using a 
polygraph (model 7D, Grass Instruments 


Co, Quincy, Mass). We measured IOP with- 
out using the local anesthetie before 
administration, then every 15 minutes for 
two hours, and then every hour for two 
hours. Each dose was tested in a group of 
five rabbits. The control group consisted of 
five urethane-anesthetized rabbits in- 
jected intravenously with the vehicle. 

The average alterations f IOP, pupil 
size, blood pressure, and heart rate after 
administration of the canrabinoids were 
compared statistically with the values in 
the control group using the Student t test. 
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Fig 3.—Changes in systolic blood pressure after intravenous injection of A?-tetrahydrocannab- 
inol (A?-THO) in usethane-anesthetized rabbits. Baseline systolic blood pressure at solid circle 
ranges from 102 to 122 mm Hg. Open circle (blue) indicates vehicle; triangle (black), O0. 1-mg 
dose of A*-THC; inverted triangle (orange), 0.33-mg dose of A?- THC; square (red), 1-mg dose of 
A?-THC; asterisk (green), P < 05; and double asterisk (green), P « .01. 
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Fig 4.— Change: in heart rate after intravenous injection of A?-tetrahydrocannabinol (A?- THO) in 
urethane-anesthetized rabbits. Baseline heart rate at solid circle ranges from 264 to 310 beats 
per minute. Open circle (blue) indicates vehicle; triangle (black), 0.1-mg dose of A?-THC; 
inverted triangle (orange), 0.33-mg dose of A?-THC; square (red), 1-mg dose of A?- THC. asterisk 
(green), P < .05. and double asterisk (green), P < .01. 


The level of significance for difference was 
set at P < .05. 


| RESULTS 


+ The results with intravenous and 
bolus cerebral administration of the 
cannabinoids in conscious rabbits are 
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presented in the Table. 

Intravenous injection of A’-THC 
with doses of 0.33 and 1 mg deereased 
IOP significantly (Fig 1, left). After 1 
mg was injected, IOP declined steadi- 
ly by 4 mm Hg during the first hour 
and then returned to normal, and 


miosis occurred between one and two 
hours. With 0.33 mg, the onset of the 
decrease of 2.5 mm Hg in IOP was 
slow (Fig 1, left), and no miosis 
occurred. Intravenous injections of 
the other cannabinoids did not 
decrease IOP or pupil size. 

Bolus cerebral administration of A’- 
THC (0.01, 0.1, and 1 mg) did not 
change IOP (Fig 1, right) or pupil size. 
Other cannabinoids did not decrease 
IOP or pupil size. Ventriculocisternal 
perfusion of A’-THC at various doses 
between 0.1 ug/min and 0.1 mg/min 
for one hour did not decrease IOP or 
pupil size. 

Ocular hypotension occurred in ure- 
thane-anesthetized rabbits after in- 
travenous injections of A’-THC with 
doses of 0.33 and 1 mg, but the recov- 
ery phase was longer than that for 
conscious rabbits (Fig 2). Both the 
systolic (Fig 3) and diastolic blood 
pressures were lowered by A’-THC at 
these doses. A 1-mg dose of A’-THC 
decreased the heart rate, but the 0.33- 
mg dose did not have this effect (Fig 
4). The cardiovascular parameters 
and IOP of urethane-anesthetized 
rabbits were not affected by bolus 
cerebral administration of 1 mg of 
A*-THC. 


COMMENT 


Our study shows that an intrave- 
nous injection of 0.33 or 1 mg of 
A-THC lowers IOP significantly, 
which was reported at a similar dose 
range by other laboratories. How- 
ever, we were unable to demonstrate 
that intravenous injection of 1 mg of 
A*-THC produced a consistent, signifi- 
cant ocular hypotension." It seems 
that the ocular hypotensive effect of 
A*-THC is less than that of A°-THC, 
and a higher testing dose (over 4.5 mg) 
of A*-THC is needed to demonstrate 
its activity." 

Although there is an active trans- 
port of A*- THC across the blood-brain 
barrier in rabbits,” the cerebral accu- 
mulation of A?- THC, which has a plas- 
ma half-life of 14 minutes, is mini- 
mal.'* We assumed that the cerebral 
concentration of A?-THC after a 1-mg 
intravenous dose would be higher 
than the initial plasma concentration 
(approximately 1 mg/100 mL or 0.01 
mg/mL) but much lower than the 
cerebral concentration after adminis- 
tering 1 mg of A’-THC into the cere- 
bral ventricles (1 mg/1 mL, assuming 
the diffusable volume of the ventricles 
is 1 mL.^ We administered A’-THC to 
the CNS in a dose range of 0.01 to 1 mg 
and found no decrease of IOP. Fur- 
thermore, we studied A—-THC using 
the  ventriculocisternal perfusion 
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technique with doses from 0.1 ug/30 
uL/min to 0.1 mg/30 uL/min, which 
should maintain a concentration of 
0.0033 to 3.3 mg/mL in the cerebral 
ventricles for one hour. No decrease of 
IOP was observed. These results indi- 
cate that the ocular hypotensive effect 
of intravenous A’-THC does not origi- 
nate in the CNS. 

A CNS mechanism of water-extract 
components of marijuana on IOP was 
started. Intraocular pressure was 
not affected by a third ventricular 
mieroinjection of these large glyco- 
proteins (molecular weight, 5 x 10° 
daltons) but was lowered when they 
were given intravenously. 

Experiments with intravenous A?- 
THC in urethane-anesthetized rabbits 
that had undergone superior cervical 
ganglionectomy* or decentralization 
of the sympathetic trunk’ showed that 
the ocular adrenergic nerve is 
involved in the action of A^-THC on 
IOP. Since local blood circulation and 
possibly many other physiological 
parameters adjust to the loss of 
adrenergic tone after these surgical 
procedures," peripheral mechanisms 
that maintain IOP in the denervated 
eye may respond differently to A’- 
THC than those in the intact eye. 
Hence, one should be cautious in using 
these findings to identify a CNS 
mechanism in the intact eye. 

A’-Tetrahydrocannabinol accumu- 
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lates in the anterior uvea of rabbits." 
It decreases the secretion of ciliary 
processes in vitro by 70%." It also 
dilates the ocular blood vessels 
through a 6-adrenergic action? that 
lowers the hydrostatic pressure for 
ultrafiltration involved in producing 
aqueous humor. Both of these periph- 
eral mechanisms may cause the 
decrease of IOP. 

Centrally administered A?-THC by- 
passes the metabolic pathway in the 
liver. Could the metabolites of intra- 
venous A?-THC initiate a CNS mecha- 
nism on IOP? Hepatic microsomes in 
rabbits metabolize A*THC to 11- 
hydroxy-A’-THC.”' Intravenous injec- 
tion of 11-hydroxy-A’-THC is as 
potent as A’-THC in causing a reduc- 
tion in IOP.‘ However, the peak plas- 
ma concentration of A’-THC after an 
intravenous injection of A°-THC is 20 
times greater than that of 11- 
hydroxy-A*-THC.? This metabolite is 
unlikely to accumulate in the CNS to 
initiate action on IOP. An advanced 
metabolite, the acid form of 11- 
hydroxy-A’-THC, stays in the plasma 
for several days.? Judging from the 
short duration of the ocular hypoten- 
sive effect of A?- THC, we believe that 
this advanced metabolite could not 
possibly cause the decrease of IOP. 

A limitation on the use of cannabi- 
noids to treat glaucoma patients is 
their CNS-mediated side effects. Our 
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study indicates that A?-THC need not 
enter the CNS to initiate action on 
IOP. If a cannabinoid does not cross 
the blood-brain barrier, separating 
the pharmacologic effect on IOP from 
psychological side effects seems feasi- 
ble. Further studies are needed to 
identify such a cannabinoid, native or 
synthetic, that is capable of lowering 
IOP and does not cross the blood- 
brain barrier. 

In urethane-anesthetized rabbits, 
both the IOP and systemic blood pres- 
sure were lowered by intravenous 
injections of A*-THC at the minimal 
effective dose. Similarly, marijuana 
smoking or intravenous A?-THC can 
decrease arterial blood pressure in 
humans.?^ We speculate that the 
decrease of blood pressure is involved 
in the mechanism of ocular hypoten- 
sion of A?- THC. Since theinfluences of 
lowering arterial and venous blood 
pressures on IOP have not been estab- 
lished quantitatively,” we cannot rule 
out the possibility that other periph- 
eral mechanisms, in addition to the 
change in blood pressure, are 
involved. Bradycardia after systemic 
administration of A*- THC in rabbits is 
different from the tachycardia com- 
monly seen in humans who use mari- 
juana.» 
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Intraocular Pressure Effects of Multiple Doses 


of Drugs Applied to Glaucomatous Monkey Eyes 


Ping-Yu Lee, MD; Steven M. Podos, MD; Janet B. Serle, MD; Carl B. Camras, MD; Colette H. Severin, MS 


e The effects of multiple dosing with 
0.5% timolol maleate, 2% epinephrine 
hydrochloride, 4% pilocarpine hydrochlo- 
ride, 1% vanadate, 1% forskolin (nonpro- 
prietary name, colforsin), or 0.5% prosta- 
glandin F,, oa intraocular pressure (IOP) 
were each tested on eight cynomolgus 
monkey eyes in which glaucoma was 
induced by photocoagulating the trabecu- 
lar meshwork with the argon laser. The 
week prior tc drug therapy, baseline IOP 
measurements were carried out at hourly 
intervals from 9:30 AM to 3:30 PM on three 
days. One to two days later, therapy was 
initiated. Eacn drug was applied topically 
to both eyes-of each monkey twice daily 
for at least four days. The IOP was mea- 
sured with a -alibrated pneumatonometer 
at the same hourly intervals on treatment 
days as on the baseline days. The IOP at 
each time of day on treatment days was 
compared w'th the average baseline IOP 
measured at the corresponding time of 
day. Topical application of timolol, epi- 
nephrine, pilocarpine, vanadate, and 
prostaglandin F;, significantly reduced 
IOP without evidence of tolerance or 
tachyphylaxis during the course of thera- 
py. Forskolin did not significantly 
decrease lO? after the second day of 
treatment. 

(Arch Ophthalmol 1987;105:249-252) 
A experimental glaucoma model 

can be used to test and develop 
new glaucema medications, surgical 
procedures utilizing valves and se- 
tons, and other innovative approaches 
to treating glaucoma.' A satisfactory 
animal model has not been available 
for investigating the effect of com- 
monly usec clinical and experimental 
drugs for tne treatment of glaucoma. 
A monkey glaucoma model can be 
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created by repeated, circumferential 
argon laser photocoagulation of the 
midtrabecular meshwork. This tech- 
nique causes a sustained elevation of 
intraocular pressure (IOP), reduction 
of outflow facility, and retinal and 
optic nerve changes similar to those 
seen in human chronic open angle 
glaucoma.^? 

We recently found that single doses 
of 0.5% timolol maleate, 2% epineph- 
rine hydrochloride, 4% pilocarpine 
hydrochloride, 1% vanadate, 1% fors- 
kolin (nonproprietary name, colfor- 
sin), and 0.5% prostaglandin (PG) F,, 
produced, significant (P < .05) reduc- 
tions of IOP in the laser-induced glau- 
coma model in cynomolgus monkeys.* 
Tonography revealed an increased 
outflow facility associated with the 
reduction of IOP two hours after 4% 
pilocarpine application. Corynanthine 
did not significantly reduce IOP.‘ 
These encouraging results in the sin- 
gle-dose studies led us to explore the 
IOP effects of the effective agents in 
multiple-dose trials in the monkey 
glaucoma model. 


MATERIALS AND METHODS 


Eight adult cynomolgus monkeys, each 
weighing 3 to 4 kg, were studied. Only 
animals with eyes having normal anterior 
chamber angles, IOP, ocular media, and 
optic nerve heads were included in this 
study. Glaucoma was induced in both eyes 
of each monkey by photocoagulating the 
trabecular meshwork with the argon laser, 
applying 50 to 130 burns per treatment 
session as previously described. The 
present study was carried out two to 23 
months (10.3 + 1.8 months, mean + SEM) 
after the last photocoagulation treat- 
ment. 

The drugs employed included 0.5% timo- 
lol maleate, 2% epinephrine hydrochloride, 
4% pilocarpine hydrochloride, 1% NaVO, 
(vanadate) prepared as a solution in dis- 
tilled water, 10% dimethylsulfoxide, 5% 
polysorbate (Tween) 80, 1% forskolin pre- 
pared as a suspension in isotonic buffered 
saline solution, and 0.5% (in terms of 
free-acid equivalent) PGF,, prepared as a 
solution using the tromethamine salt in 


0.9% sodium chloride. The doses of agents 
used in this study represented concentra- 
tions just at the top of the dose-response 
curve based on studies performed in 
patients with glaucoma for the clinically 
used drugs and in normal monkeys for the 
experimental agents. The vanadate, fors- 
kolin, and PGF,, were prepared fresh daily 
prior to topieal ocular delivery; 0.976 sodi- 
um chloride was used on baseline days. The 
vehicles had no effect on IOP in normoten- 
sive cynomolgus monkey eyes in our previ- 
ous studies.”* 

For IOP measurements, the monkeys 
were kept in a sitting position in specially 
designed chairs. The IOP was measured 
with a calibrated pneumatonometer* (mod- 
el 30R, Digilab, Inc) in animals lightly 
sedated with ketamine hydrochloride, 3 to 
5 mg/kg, given intramuscularly five 
minutes before each measurement. Five- 
tenths percent proparacaine hydrochloride 
was instilled topically prior to all IOP 
measurements. 

Baseline IOP measurements were car- 
ried out for three days during the week 
preceding treatment, the last baseline 
measurements taken one to two days prior 
to treatment. The IOP was measured at 
hourly intervals from 9:30 AM to 3:30 PM, 
inclusive. On the treatment days, each 
drug was applied topically to eight eyes of 
four monkeys, chosen randomly, twice a 
day at 10 AM and 2 PM (10 AM and 4 PM for 
PGF,, only) for at least four days. Two 
20-uL drops were used three minutes apart 
for timolol maleate, epinephrine hydro- 
chloride, pilocarpine hydrochloride, vana- 
date, and forskolin. Two 25-uL drops were 
used from day 1 to day 5 and one 25-uL 
drop was used from day 8 to day 12 for 
PGF. Fifty microliters of saline solution 
was applied to both eyes of each monkey 
on baseline days. The IOP was measured at 
the same time of day on the treatment 
days as on the baseline days. Monkeys were 
not used unless the IOP was 22 mm Hg or 
more in both eyes at the 9:30 AM measure- 
ment on all three of the baseline days and 
on the first treatment day. 

The baseline measurements were aver- 
aged for each time of day during the three 
baseline days to give a single value for each 
eye. The mean IOP for each time of day 
during treatment was compared with the 
average baseline IOP of the same monkey 
eyes at the corresponding time of day. A 
two-week washout period was employed 


intraocular Pressure—Lee et al 249 


L^ 


a DS 


—. 


te "- 


mum 


rica 3 iy aie 


cct 
= T 


S 
44 


~ 
pM 
43 


1 


Nails 


Xm 


? WE ern AT a= 


a SET ee VETE CS ra 
é ] IN y/ You tania 


ey 


"ES ETE ee Da 


Table 1.—Effect of Twice-Daily Treatment (10 AM and 2 pm) With Timolol, Epinephrine, Pilocarpine, Vitale, 
and Forskolin (Colforsin) on Intraocular Pressure (IOP) in Glaucomatous Monkey Eyes* 


0.5% timolol maleate 
Average baseline 


Treated 
Day 1 
Day 2 
Day 3 
Day 4 25.6 
Day 5 27.1 


2% epinephrine hydrochloride 
Average baseline 36.9 + 


Treated 
Day 1 
Day 2 
Day 3 22.6 
Day 5 28.3 


496|| pilocarpine hydrochloride 
Average baseline 28.9 


Treated 
Day 1 


Day 2 
Day 3 
Day 5 


196 vanadate 
Average baseline 


Treated 
Day 1 


Day 2 
Day 3 
Day 4 


196 forskolin 
Average baseline 


Treated 
Day 1 


Day 2 
Day 3 
Day 4 


35.7 + 3.8 


35.1 
25.9 
26.0 


4.5 


I+ | 1+ | I+ | | 


40.4 
22.9 


H [Hm | 4+ 


I+ 


29.0 
22.5 
18.1 
24.6 


H Ti+ Ti+ | i+ 


36.7 


I+ 


36.6 
31.4 
29.4 
22.1 


H [I+ | i+ | I+ 


33.9 


I+ 


33.0 
32.9 
33.1 
32.4 


+ | + | i+ | € 


*Each group has eight glaucomatous monkey eyes. 


Mean IOP + SEM, mm Hg 


11:30 am 12:30 pm 


33.8 + 4.3 


27.0 + 4.2T 
23.8 + 3.9f 
24.4 + 4.3t 
23.2 + 4.34 
23.4 + 4.4§ 


HH | + | H+ [n 
HH | + | | + 


H | I+ | 1+ 


I+ 
I+ 


3.8 


H 


H [1+ [1+ | 1+ 
H | 1+ | 1+ | I+ 
+ | I+ | 1+ | I+ 


I+ 
I+ 
I+ 


HH | i+ | i+ 
+ [1+ | 1+ [i+ 
Hmmm 


I+ 
I+ 
I+ 


H | 1+ | i+ | i+ 
H | i+ | i+ | + 
HH |H | + 


I+ 
l+ 


H I+ | I+ | I+ 
H [I+ | 1+ | I+ 


tSignificantly different as compared with average baseline, P < .05, paired t test, two-tailed. 
Significantly different as compared with average baseline, P < .01, paired t test, two-tailed. 
§Significantly different as compared with average baseline, P < .005, paired t test, two-tailed. 


|No treatment was given on day 4. 


between the testing of each drug on the 
same monkey. 


RESULTS 


Elevated IOP was achieved in all 16 
eyes of eight monkeys treated with 
the argon laser. Before laser photoco- 
agulation, the IOP was 19.6 + 0.3 mm 
Hg (mean + SEM). One to five treat- 
ment sessions were required to 
produce à permanent IOP rise. Wide 
IOP fluctuations and fixed mydriasis 
were noted in all monkey eyes as 
previously reported.?* The mydriasis 
could be a result of laser-induced 
denervation. Optie disc cupping was 
ultimately noted in 12 of the 16 eyes 
during the course of this study. 

The IOP of the 0.5% timolol- 
treated eyes was significantly 
(P«.05) reduced compared with 
baseline values beginning 0.5 hour 
after the first dose and persisting 
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throughout the course of treatment. A 
maximal reduction of 12.5 + 3.8 mm 
Hg (mean + SEM) occurred 0.5 hour 
after the eighth consecutive dose on 
the fourth day of treatment. Tachy- 
phylaxis and/or tolerance did not 
occur during the five days of treat- 
ment. The IOP reduction ranged from 
6.5 to 12.5 mm Hg for each measure- 
ment taken after treatment was initi- 
ated (Table 1). 

Two percent epinephrine produced 
a significant (P « .05) decrease in IOP 
from 1.5 to 3.5 hours after the first 
dose, and for all subsequent measure- 
ments on days 2 to 5 of treatment, 
with the sole exception when mea- 
sured 2.5 hours after the ninth dose on 
day 5. A maximal reduction of 14.3 + 
3.0 mm Hg (mean + SEM) occurred 
19.5 hours after the fourth dose. 
Tachyphylaxis and/or tolerance did 


34.4 + 4.3 


25.1 + 3.8f 
23.0 + 3.9f 
25.3 + 4.1T 


21.9 + 4.51 
22.1 + 4.68 


HH Ie e | + 


35.7 + 
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25.9 
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35.3 + 


I+ 
I+ 


28.9 
26.3 
26.4 
22.8 


H [m | + | + 
Jit [ne [n [e 


32.6 + 


I+ 
I+ 


33.0 
30.1 





H | I+ | 1+ | I+ 
I+ | I+ [1+ | 1+ 


not occur. The IOP was reduced by € to 
14 mm Hg for each measurement, 
beginning 2.5 hours after the first 
dose (Table 1). 

Four percent pilocarpine produced a 
significant (P < .05) decrease in IOP 
beginning 0.5 hour after the first dese 
and persisting during each subse- 
quent measurement. The sole excep- 
tion was the 9:30 AM measurement on 
day 5, which was taken 43.5 hours 
after the previous dose of pilocarpine, 
since treatment was not given on day 
4. A maximal IOP reduction of 14.4 + 
5.1 mm Hg (mean + SEM) occurred 
0.5 hour after the fifth dose on day 3. 
No tachyphylaxis and/or tolerarce 
developed with pilocarpine treatment. 
The IOP remained reduced by 6 to 14 
mm Hg for each measurement taken 
within 17.5 hours of the previous 
treatment (Table 1). 


Intraocular Pressure—Lee et al 





31.8 + 2.4 











19.6 + 2.8§ 





* No treatment was siven on day 6 and day 7. 
TSignificantly differe-t as compared with average baseline, P « .05, paired t test, two-tailed. 
tSignificantly differe-t as compared with average baseline, P < .01, paired f test, two-tailed. 
§Significantly differe-t as compared with average baseline, P « .005, paired t test, two-tailed. 


One percent vanadate produced a 
significant (P < J5) reduction of the 
IOP 0.5 to 2.5 bours after the first 
dose and for every measurement tak- 
en on day 2 to 4 of treatment, begin- 
ning 1.5 hours zfter the third dose. 
The IOP was maximally reduced by 
15.1 + 3.2 mm He (mean + SEM) 1.5 
hours after the eahth dose on day 4. A 
progressive, furt3er reduction of IOP 
seemed to occur vith repeated dosing. 
The reduction raaged from 7 to 15 mm 
Hg for each measurement taken from 
1.5 hours after tbe third dose until the 
end of the exper-ment (Table 1). 

One percent forskolin significantly 
(P « .05) reducec IOP only for several 
measurements taken after the third 
dose on day 2. A maximal reduction of 
4.9 + 1.6 mm H& occurred 0.5 hours 
after the third dose (Table 1). Rapid 
development o tolerance and/or 
tachyphylaxis oecurred. 

Prostaglandim F, significantly 
(P < .05) reduced IOP beginning 1.5 
hours after the third dose on day 2 
and persisting throughout the two 
weeks of treatraent. A few sporadic 
exceptions occu-red primarily on the 
day treatment v as resumed following 
temporary suspension for two days. A 
maximal reduction of 12.8 + 2.8 mm 
Hg (mean + SEM) occurred 2.5 hours 
after the fifth cose on treatment day 
3. Tachyphylazis and/or tolerance 
was not appareat. The IOP reduction 
ranged from 6.5 to 12.5 mm Hg for 
each measurement during the last 
four days of treatment (Table 2). 


. COMMENT 


Multiple-dose administration of the 
clinically utilized therapeutic agents 
for glaucoma— timolol, epinephrine, 
and pilocarpine— clearly results in a 
persistent ocular hypotensive effect in 
laser-induced glaucomatous monkey 
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10:30 AM 
31.0 + 1.7 


19.9 + 2.21 


Table 2.—Effect of Twice-Daily Treatment (10 AM, 4 PM) With 0.5% Prostaglandin Fo, on 
Intraocular Pressure (IOP) in Eight Glaucomatous Monkey Eyes 


Mean IOP + SEM, mm Hg 









12:30 PM 
30.9 + 1.8 


11:30 am 
30.9 + 1.8 



















33.0 + 3.2 33.9 + 2.9 31.1 + 2.9 30.5 + 2.8 30.4 + 3.5 29.1 + 3.4 28.6 + 2.9 
Day 2 27.5 + 2.9 27.9 + 2.4 23.4 + 1.5§ 21.8 + 1.7§ 23.0 + 2.1§ 22.9 + 2.2§ 21.5 + 1.5§ 
Day 3 | 22.1 + 2.8§ 22.1 + 2.68 18.9 + 2.1§ 18.1 + 1.8§ 18.8 + 1.9§ 18.4 + 2.3¢ 20.0 + 2.3f 
Day 5 | 29.0 + 2.9 ata = 235 25.3 + 2.21 24.6 + 2.31 24.0 + 2.2¢ 23.8 + 2.6f 24.4 + 2.51 
Day 8 32.6 + 3.3 31.5 + 2.8 28.6 + 3.3 27.8 + 3.4 29.3 + 3.0 28.6 + 3.0 29.9 + 3.2 
Day 9 23.0 + 1.9T 21.5 1.51 20.2 + 1.38 20.8 + 1.18 20.8 + 1.08 21.4 + 1.8§ 22.1 + 1.1§ 
Day 10 21.1 + 2.0¢ 24.6 + 1.71 22.3 + 1.4§ 21.3 + 2.0§ 22.0 + 1.4§ 22.1 + 2.0§ 22.5 + 2.4§ 
Day 11 24.8 + 3.2 23.9 + 2.5f 22.3 + 2.2¢ 21.8 + 2.8f 20.9 + 2.68 20.5 + 2.38 19.3 + 2.18 


19.3 + 1.88 18.3 + 2.28 





eyes. These results imply that this 
experimental glaucoma model may 
adequately reflect the response of 
human glaucomatous eyes to ocular 
hypotensive agents. Various experi- 
mental drugs effectively reduce IOP 
in this model after single-dose admin- 
istration.® Multiple-dose administra- 
tion on a twice-daily basis of the 
investigational compounds PGF,, and 
vanadate have a persistent hypoten- 
sive effect on IOP. Forskolin, on the 
other hand, does not reduce IOP in 
this model after the second day of 
treatment, indicating rapid develop- 
ment of tolerance and/or tachyphy- 
laxis. 

Timolol produces a reduction of IOP 
in normotensive rabbit and cat eyes.” 
Topical application of 0.5% timolol to 
eight normal cynomolgus monkeys 
(unpublished data) maximally de- 
creases IOP two hours after adminis- 
tration from a baseline of 17.1 + 0.4 
mm Hg to 15.9 + 0.6 mm Hg. Single- 
dose administration of 0.5% timolol to 
laser-induced glaucomatous eyes of 
cynomolgus monkeys reduces IOP by 7 
to 8 mm Hg for three to six hours 
after application.’ The reduction of 
IOP following topical timolol therapy 
is greater in the laser-induced glauco- 
ma model than in normotensive mon- 
key eyes. In the present study, twice- 
daily timolol therapy effectively 
reduced IOP in the monkey with glau- 
coma for at least five days. Some 
patients with glaucoma treated with 
timolol for years have an effective, 
persistent reduction in IOP. The effect 
of short-term multiple-dose adminis- 
tration of timolol on the glaucoma- 
tous monkey eye is similar to that in 
patients with glaucoma. These results 
suggest that the monkey glaucoma 
model has advantages over normoten- 
sive monkey eyes for testing the effect 


31.3 I 18 


20.1 + 2.68 












31.0 + 1.9 31.2 + 1.9 




















19.8 + 2.6¢ 21.8 + 3.0f 





of 8-adrenergic antagonists. 

Time-dependent effects on IOP that 
may occur with long-term adminis- 
tration of epinephrine could be due in 
part to nerve terminal degeneration" 
or to reduction in the number and/or 
sensitivity of 8-adrenergic receptors 
in ocular structures. It is reported 
that epinephrine produces tachyphy- 
laxis in rabbits after only a short 
period of treatment.'* Our more limit- 
ed experiments in glaucomatous mon- 
key eyes suggest that tachyphylaxis to 
the ocular hypotensive effects of 2% 
epinephrine does not develop during 
five days of treatment. Since multiple 
dosing with 2% epinephrine in normo- 
tensive cynomolgus monkey eyes 
failed to consistently reduce IOP," the 
monkey glaucoma model appears to 
have advantages for testing the ocular 
hypotensive effects of adrenergic ago- 
nists. 

Glaucomatous eyes respond to pilo- 
carpine instillation with a greater 
reduction of IOP than do normoten- 
sive eyes in beagles.'* Our data show 
that during five days of treatment 
with 4% pilocarpine twice daily, the 
decrease in IOP in glaucomatous mon- 
key eyes is persistent and pronounced, 
with maximal daily reductions in the 
13- to 14-mm Hg range. The rather 
marked hypotensive response ob- 
served with pilocarpine treatment 
may be in part secondary to a dener- 
vation supersensitivity of the ciliary 
muscle as a result of the laser treat- 
ment. 

In rabbits, single doses of vanadate 
cause a significant fall in IOP in a 
dose-related fashion." * The mecha- 
nism of this effect is unclear and may 
not relate to stimulation of adenylate 
cyclase or inhibition of sodium-potas- 
sium-activated adenosine triphospha- 
tase.'* In normotensive monkeys, van- 
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adate in a formulation designed to 
enhance penetration reduces IOP by 
decreasing aqueous humor forma- 
tion.’ In laser-induced glaucomatous 
monkey eyes, vanadate causes a sig- 
nificant fall in IOP at 0.5, 1, and 3 
hours after the drug administration.* 
In the present multiple-dose study, 
vanadate, applied twice daily, 
produces a significant decrease in IOP 
for most measurements for the dura- 
tion of the experiment. Human stud- 
ies are planned with this compound. 
Forskolin, a unique activator of 
adenylate cyclase, given topically in 
single-dose fashion reduces IOP in 
albino rabbit, monkey, and normoten- 
sive human eyes.*!*” In albino rab- 
bits, net aqueous humor inflow 
decreases, outflow facility remains 
unchanged, and ciliary body flow 
increases."? Tolerance to the hypo- 
tensive effect does not seem to develop 
in albino rabbits after topical doses 
given every six hours for 15 days.” In 
normotensive monkey eyes, the fall in 
IOP is associated with a significant 
decrease in aqueous humor flow mea- 
sured by a fluorophotometric tech- 
nique. No significant change is found 
in outflow facility as determined by 
indentation tonography. In a previ- 
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ous multiple-dose study in normoten- 
sive cynomolgus monkey eyes, fors- 
kolin no longer reduced IOP by the 
third day of twice-a-day treatment.’ 
In the present study, 1% forskolin 
does not significantly decrease IOP in 
glaucomatous monkey eyes after the 
second day of twice-a-day treatment. 
It is unknown whether or not such 
tolerance develops in humans. In fact, 
another recent report indicates that 
forskolin does not reduce IOP or aque- 
ous flow in patients with glaucoma 
and/or ocular hypertension even after 
a single dose.? 

A single topical application of sev- 
eral types of PGs, or their analogues, 
effectively reduces the IOP in rabbits, 
cats, and monkeys.** A significant 
fall in IOP is seen in normotensive 
human eyes treated topically with 200 
ug of PGF.” Long-term application 
of either PGE, or PGF,, to cat eyes 
produces a significant reduction of 
IOP without causing tachyphylaxis or 
overt inflammatory  responses.'??! 
Tachyphylaxis does not seem to occur 
during topical treatment with PGF,, 
in rhesus? or cynomolgus’ monkeys 
but appears to occur in rabbits. A 
single dose of PGF,, to glaucomatous 
cynomolgus monkey eyes results in a 
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significant decrease in IOP.5 Prosta- 
glandin EF, produced a significant 
reduction in IOP in glaucomatous 
monkey eyes for at least ten days of 
treatment in the present study. This 
drug or one of its congeners deserves a 
clinical trial in patients with glauco- 
ma and/or ocular hypertension. 

Wide IOP fluctuations are charac- 
teristic in the laser-induced glaucoma 
model in monkeys. Thus, we cannot 
rule out the possibility that the IOP 
fluctuations may have an influence on 
the apparent ocular hypotensive effi- 
cacy of the drugs used in this study 
and on similar studies of longer dura- 
tion. It should be noted that the ocular 
hypotensive effects of timolol, epi- 
nephrine, and pilocarpine in this glau- 


coma model are consistent with their ^? 


actions in clinical use. This monkey 
glaucoma model may be used to test 
potentially new ocular hypotensive 
agents and to elucidate the mecha- 
nism by which drugs alter IOP. 
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Effect of Carbachol on 
Rabbit Corneal Endothelium 


David B. Birn aum, MD; David S. Hull, MD; Keith Green, PhD, DSc; Nanalane P. Frey 


e We inves igated the current reformu- 
lation of the commercially available 
intraocular preparation of carbachol for 
its effect on corneal thickness and endo- 
thelial cell ultrastructure. A 15-minute per- 
fusion in the specular microscope with 
0.01% carbachol caused a significant 
increase in the corneal swelling rate, 
which returned to control values after 75 
minutes of reserfusion with Krebs Ringer 
bicarbonate solution. Continued reperfu- 
sion with Kreos Ringer bicarbonate solu- 
tion led to the final average corneal swell- 
ing rate beine statistically similar to that 
of controis ever the entire 180-minute 
perfusion per»od. Transmission and scan- 
ning electror microscopy demonstrated 
no changes im endothelial cell ultrastruc- 
ture. 

(Arch Oph?halmol 1987;105:253-255) 


D uring irtraocular surgery, miot- 
ies are on occasion injected into 
the anterior chamber. Previous inves- 
tigators hawe studied the effect of in 
vitro perfus»on of rabbit corneal endo- 
thelium with commercially available 
intraocular miotics, namely, 1% ace- 
tylcholine and 0.01% carbachol.'? The 
intraocular acetylcholine preparation 
caused no ateration in corneal thick- 
ness or endcthelial cell ultrastructure. 
However, tne intraocular carbachol 
preparatiom while having no effect on 
endothelial sell ultrastructure, caused 
a significantly increased corneal 
swelling rate"? that returned to a nor- 
mal swellin= rate** after reperfusion 
with Krebs Ringer bicarbonate solu- 
tion (KRBS). It was postulated that 
the low pH of the carbachol solution 
was respousible for the swelling. 
These findiags were correlated with 
the clinical observation of transient 
corneal edema following intraocular 
use of the carbachol preparation. 
The commercially available 0.01% 
carbachol solution has since been 
reformulated, specifically changing 
the vehicle from water to a balanced 
salt solutien.* The purpose of the 
present stedy was to examine the 
reformulated 0.01% carbachol solu- 
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tion and to determine its effect on 
corneal thickness and endothelial cell 
ultrastructure in the rabbit after in 
vitro perfusion using the specular 
microscope. 


MATERIALS AND METHODS 


Adult albino rabbits, weighing approxi- 
mately 3 kg, of either sex were killed with 
an overdose of intravenous pentobarbital. 
Eyes were removed and the corneas were 
mounted in the specular microscope.’**'® 
The endothelial surface was perfused with 
a KRBS and reduced solutions of glutathi- 
one (0.092 g/L) and adenosine (0.134 g/L).** 
The KRBS was filtered and the pH was 
adjusted to 7.3; the mean osmolarity was 
309 mOsm. 

The corneal endothelium was perfused 
with the KRBS at 37°C, under 15 mm Hg of 
pressure, and at a rate of 1 mL/h. Silicone 
oil was placed on the epithelial surface to 
prevent dehydration. After a one-hour 
equilibration period, the corneal thickness 
was recorded. The reservoir of the experi- 
mental cornea was replaced with either 
0.01% carbachol or balanced salt solution. 
The average osmolarity and pH were 310 
mOsm and 6.95, respectively, for 0.01% 
carbachol and 306 mOsm and 7.2, respec- 
tively, for the balanced salt solution. To 


facilitate the complete replacement of the 
KRBS, the experimental perfusion rate 
was increased to 1 mL during the first five 
minutes and then reduced to 1 mL/h. The 
experimental solution was perfused across 
the endothelial surface of the cornea for 15 
minutes while the control corneas were 
perfused constantly with KRBS at 1 mL/h. 
After 15 minutes the experimental solu- 
tion was replaced with KRBS for an addi- 
tional 165 minutes. Corneal thickness was 
measured every 30 minutes. 

Corneal swelling rates were determined 
by linear regression analysis and a com- 
parison of the regression lines of the 
experimental and control corneas were 
made by an analysis of covariance." Eight 
corneas were used in each experimental 
and control group. Tissues for electron 
microscopy were processed after the entire 
180-minute postequilibration perfusion. 
They were initially fixed with 2% glutaral- 
dehyde and 1% paraformaldehyde in 
0.0625M cacodylate buffer (pH, 7.3; osmo- 
larity, 700 mOsm), postfixed in 2% osmium 
tetroxide, stained en bloc with uranyl ace- 
tate, and processed for seanning and trans- 
mission electron microscopy. 


RESULTS 


Corneas perfused for 15 minutes 
with 0.01% carbachol swelled at an 
average rate of 6 + 3 um/h during the 
entire 180-minute perfusion period 
(Fig 1) This rate was statistically 
similar to the rate of 4+3 um/h 
demonstrated by control corneas 
(P > .05). However, corneas perfused 
for 15 minutes with carbachol swelled 
at an average rate of 14+5 um/h 


Fig 1.—Corneal swelling following perfusion of endothelium with 0.01% carbachol (open circles 
and solid line) or Krebs Ringer bicarbonate solution (control) (solid circles and dashed line) for 
15 minutes, followed by Krebs Ringer bicarbonate solution for 165 minutes. Corneas perfused 
for 15 minutes with carbachol swelled at rates of 14 + 5 and O + 5 um/h for initial and final 
90-minute periods, respectively. Final rate over entire 180-minute period for carbachol-treated 
corneas was 6 + 3 um/h; for Krebs Ringer bicarbonate solution, 4 + 3 um/h. 
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Fig 2.—Transmission electron micrograph of corneal endothelium after perfusion with 0.01% 
carbachol for 15 minutes, followed by perfusion with Krebs Ringer bicarbonate solution for 165 
minutes. Plasma membrane, nucleus, organelles, and intercellular spaces are well preserved 
(original magnification X23 500.) 


during the initial 90 minutes of perfu- 
sion. This was statistically different 
from the control corneal swelling rate 
of 7+5 um/h during the first 90 
minutes of perfusion (P < .05). The 
swelling rate of carbachol-treated 
corneas during the final 90 minutes of 
perfusion (90 to 180 minutes) was 
0 + 5 um/h; the rate was 2 + 3 um/h 
for paired control corneas during the 
same period. Corneas perfused for 15 
minutes with balanced salt solution 
swelled at an average rate of 3+ 3 
um/h during the entire 180-minute 
perfusion period, with 7 + 6 um/h 
during the first 90 minutes and 0 + 5 
um/h during the final 90 minutes. 
These swelling rates with balanced 
salt solution were statistically similar 
to control rates (P » 0.05). 

Transmission electron micrographs 
of corneas perfused with carbachol 
revealed normal apical junctions, 
plasma membranes, cytoplasm, nu- 
clei, organelles, and intercellular 
spaces (Fig 2). Scanning electron 
micrographs demonstrated a normal 
endothelial-cell mosaic pattern with- 
out excessive prominence of junction- 
al flaps (Fig 3). 


COMMENT 


Rabbit aqueous humor has an 
osmolarity of 301 mOsm and a pH of 
1.6.5 To maintain the integrity of 
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the endothelium, it has been shown by 
in vitro perfusion studies that an 
intraocular solution should have an 
osmolarity between 200 and 400 
mOsm and a pH between 6.5 and 
8.5.5 Prior to the reformulation of 
0.01% carbachol, the osmolarity was 
found to be 300 mOsm and the pH to 
be 5.2.! The current samples tested 
had an osmolarity of 310 mOsm and a 
pH of 6.95. This difference can be 
attributed to the vehicle change from 
water to a balanced salt solution.'* 
The pH of the original carbachol 
solution of 5.2 may well explain the 
significant increase in the corneal 
swelling rate (53 + 12 um/h) noted 
previously.? In the present study 
there was a statistically significant 
increase in the corneal swelling rate 
(14 + 5 um/h) during the 15-minute 
perfusion with carbachol and the fol- 
lowing 75-minute KRBS perfusion 
(Fig 1). This increased swelling rate 
can possibly be attributed to the car- 
bachol solution having a pH of 6.95. 
Corneal endothelial perfusion 
studies with solutions of different pH 
demonstrated that at a pH of 6.95 only 
50% of the electrical potential differ- 
ence across the endothelium was 
retained, compared with that of cor- 
neas perfused with solutions of a pH 
between 7.4 and 7.6.'* This decrease in 
electrical potential was shown to cor- 


relate with a decreased fluid trans- 
port across the endothelium. When 
the pH was returned to between 7.4 
and 7.6, the potential difference and 
fluid transport regained their control 
values. This reversibility can be corre- 
lated to the final 90-minute KRBS 
perfusion in this study, which resulted 
in the final average corneal swelling 
rate being statistically similar to that 
of the controls (Fig 1). 

To further investigate the cause of 
the initial increase in the corneal 
swelling rate demonstrated by 0.01% 
carbachol, corneas were perfused with 
the carbachol vehicle, ie, the balanced 
salt solution. The balanced salt solu- 
tion had an osmolarity of 306 mOsm 
and a pH of 7.2. The swelling rates of 
corneas perfused with balanced salt 
solution were statistically similar to 
control rates over the entire 180- 
minute, initial 90-minute, and final 
90-minute perfusion periods. Corneal 
endothelial perfusion studies demon- 
strated that 85% of the electrical 
potential difference across the endo- 
thelium was retained at a pH of 7.2.'5 
Therefore, either the 0.01% carbachol 
pH or an unknown toxic effect of 
carbachol, but not the balanced salt 
solution vehicle, might account for the 
initial increase in the corneal swelling 
rate. 

The current reformulation of carba- 
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Fig 3.— Scanning electron micrograph of corneal endothelium after perfusion with 0.01% carbachol for 15 


minutes, followed by perfusion with Krebs Ringer bicarbonate solution for 165 minutes. Endothelial cell 


mosaic pattern is intact without excessive prominence of junctional flaps (original magnification 


= 1650.) 


chol is more similar to-aqueous humor 
with respect to pF , and the findings in 
this report confirm the decreased tox- 
icity of the reformulated carbachol 
found in a recer study." However, 
the present inves igation has demon- 
strated that a 15-minute in vitro per- 
fusion of the rabb: t corneal endotheli- 
al surface with th- current reformula- 
tion of commerci-lly available 0.01% 
earbachol significantly increased cor- 
neal swelling without producing 


1. Vaughn ED, Hul DS, Green K: Effect of 
intraocular miotics on »orneal endothelium. Arch 
Ophthalmol 1978;96:18S7-1900. 

2. Hull DS: Effects »f epimephrine, benzalko- 
nium chloride, and intraocular miotics on corneal 
endothelium. South Med J 1979;72:1380-1381. 

8 Dikstein S, Mau ice DM: The metabolic 
basis to the fluid pumr in the cornea. J Physiol 
1972;221:29-41. 
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ultrastructural alterations (Figs 2 
and 3). The degree and rate of swelling 
found with the present formulation is 
markedly lower than that found pre- 
viously,! indicating a substantial 
decrease in the disruption of endothe- 
lial function. While the transient, 
adverse effect may be tolerated by a 
normal endothelium, it is possible 
that a previously compromised endo- 
thelium may not ultimately tolerate 
the stress as well. 
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The Effect of Perfluoropropane on the 
Cornea in Rabbits and Cats 


Gary N. Foulks, MD; Eugene de Juan, MD; Diane L. Hatchell, PhD; Terry McAdoo, MS; James Hardin 


e The effects of perfluoropropane gas 
on the cornea were compared with those 
of sulfur hexafluoride gas following injec- 
tion into the anterior chamber of rabbits 
and cats. Injection of 0.15 mL of gas 
produced a perfluoropropane bubble that 
lasted 22 days compared with a sulfur 
hexafluoride bubble that lasted seven 
days. The sulfur hexafluoride bubble pro- 
duced corneal edema for as long as the 
gas was present. With perfluoropropane, 
corneal edema persisted even after the 
gas bubble disappeared. In another group 
of cats, multiple sequential injections of 
sulfur hexafluoride to maintain a gas bub- 
ble of duration comparable with the per- 
fluoropropane bubble also produced ede- 
ma as long as gas was present. Clinical 
corneal edema, endothelial fibrin deposi- 
tion, endothelial opacities, and retrocor- 
neal membrane were observed by slit- 
lamp and light, scanning, and transmis- 
sion electron microscopic examinations 
of the corneas exposed to perfluoropro- 
pane but not of those exposed to sulfur 
hexafluoride. Prolonged corneal endothe- 
lial contact by perfluoropropane results in 
corneal edema due to endothelial dys- 
function, which persists in cats probably 
because feline endothelium is less capa- 
ble of regeneration than that of rabbit. 

(Arch Ophthalmol 1987;105:256-259) 


T9ng-lasting intraocular gas bubble 

tamponade is a useful adjunct to 
vitreoretinal surgery especially when 
the injected gas has the ability to 
expand with time. Perfluoropropane 
(C,F;) expands four to five times its 
initial volume and persists within the 
eye four times as long as sulfur hexa- 
fluoride (SF,).'° In the aphakic eye, 
the gas may contact the corneal endo- 
thelium for a prolonged period. 
Although perfluoropropane has little 
toxic effect on the retina, its effects on 
the cornea are not well known. The 
present study compares the long-term 
effects of intracameral perfluoropro- 
pane with those of sulfur hexafluoride 
on the cornea in rabbits and cats by 
both clinical and ultrastructural 
examination. 
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Fig 1.—Scanning electron micrographs of cat corneal endothelium in contact with sulfur 
hexafluoride for 22 days (top, X20; bottom, X 1000). 


MATERIALS AND METHODS 

The perfluoropropane we used (Linde 
Division, Union Carbide Co) had a mini- 
mum purity of 99% in the liquid phase. 
(The sulfur hexafluoride gas was obtained 
from MG Scientific Gases.) After animals 
were anesthetized with an intramuscular 
injection of ketamine hydrochloride and 
xylazine hydrochloride, and topical instil- 
lation of proparacaine hydrochloride to 
each eye, some of the aqueous humor (0.10 
to 0.25 mL) was removed and an equal 
amount of perfluoropropane gas was 
injected through the inferior limbus into 
the anterior chamber of the left eye of 18 


rabbits and four cats. A similar bubble of 
sulfur hexafluoride was injected by the 
same technique into the right eye of the 
same animals. Shortly after injection at 
the inferior limbus, the bubbles of gas 
coalesced in the superior quadrant. 

In a second series of three cats, perfluor- 
opropane was injected once into one eye 
and the bubble of sulfur hexafluoride was 
maintained in the anterior chamber of the 
other eye for 22 days by reinjecting sulfur 
hexafluoride every three to four days (five 
times). Animals were examined by slite 
lamp at days 1 and 3 and weekly thereaf- 
ter. For all experiments, 100% (nondi- 
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Fig 2.— Scanning electron micrographs of cat 
corneal endothelium in contact with perfluoro- 
propane for 20 days. Top, Area of bubble 
contact is to right. Inflammatory cells and cell 
processes (bottom left) can be seen on 
fibrous meshwork (bottom right) (top, X20; 


bottom left, X 1000; bottom right, X4000). 





Fig 3.—Light photomicrographs of posterior portion of cat cornea after 22 days' exposure to sulfur 
hexafluoride (left) and perfluoropropane (right). Endothelium (arrow) is normal in appearance with 
sulfur hexafluoride. Retrocorneal membrane without endothelial monolayer is seen in perfluoropro- 
pane-treated eye. DM indicates Descemet's membrane (toluidine blue, original magnification X300). 


luted) gas volur:es were injected into the 
anterior chamber. 

Intraocular pressure was measured by 
Schiotz’ tonometry 2nd measurements of 
bubble size were taken with a millimeter 
ruler daily for the first five days and 
weekly thereafter until the end of the 
experiment. Optical corneal pachometry 
was attempted at each examination, but 
due to irregularity of corneal thickness, 
clinical observations of the corneal thick- 
ness had to be used. Slit-lamp photographs 
were taken of the appearance of the bubble 
and its effect onthe eornea at each exami- 
nation. Endothelial specular microscopy 
using a wide-field clinical specular micro- 
scope (PRO) was attempted, but the endo- 
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thelium could not be adequately visualized 
due initially to the presence of the gas and 
later to corneal edema or endothelial irreg- 
ularities. 

Eyes were enucleated for morphological 
examination at days 1, 4, 7, 12, 19, 22, 30, 37, 
44, and 64. Following enucleation, the eyes 
were immediately fixed in 2.67% phos- 
phate-buffered glutaraldehyde for scan- 
ning and transmission electron mieroscopy 
(SEM and TEM). Thick sections were 
stained with toluidine blue for light 
mieroscopy. Thin sections were cut with 
diamond knives and stained with uranyl 
acetate-lead citrate for electron microsco- 
py. Specimens for SEM were critical-point 
dried using carbon dioxide. 


RESULTS 
Rabbits 


Clinical Observations.— A fter the ini- 
tial gas injections, the sulfur hexa- 
fluoride initially expanded and then 
decreased over the ensuing seven 
days, whereas the perfluoropropane 
bubble expanded and then gradually 
decreased over the next 22 days. Rab- 
bit eyes injected with sulfur hexafluo- 
ride showed mild conjunctival vascu- 
lar injection with mild corneal edema 
overlying the bubble. Mild aqueous 
flare and fibrin were noted in the 
anterior chamber as long as the bub- 
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DM |. As S. ble was present. Overlying the bubble, 

APA S op ig cioe it anttia fus the endothelium could be observed in 
Pu meme m =" relief with a slight orange peel-like 

Dec Wer Wd o E MAE 0 S pattern, and minimal, if any, corneal 
edema was present overlying the bub- 
ble. Once gas resorbed no corneal ede- 
ma was present. 

In contrast, the perfluoropropane- 
injected eyes showed moderate aque- 
ous flare and fibrin in the anterior 
chamber. Irregular corneal endotheli- 
al opacities were noted after seven 
days, and central corneal edema per- 
sisted even after resorption of the 
bubble. Opacities of the central ante- 
rior capsule of the lens were also 
noted. 

Ultrastructural Observations. —SE M. 
—The corneal  endothelium of 
eyes injected with sulfur hexafluoride 
showed minimal fibrin deposition and 
a preserved endothelial mosaic that 
appeared normal by day 4. In con- 
trast, eyes injected with perfluoropro- 
pane showed areas of heavy fibrin 
deposition with occasional inflamma- 
tory cells and areas of endothelial 
irregularity and cell loss at day 4 and 
later. 

TEM.—The corneal endothelium of 
eyes injected with sulfur hexafluoride 
demonstrated a slight increase in 
endoplasmic reticulum in the early 


ree aes days after injection but returned to 
E Fig 4.— Transmission electron micrographs of normal corneal endothelium in eye exposed to normal by day 7. In contrast, eyes : 
sulfur hexafluoride for 22 days (top) and retrocorneal membrane in eye exposed to perfluoro- ith fl inieeti 
propane for 22 days (bottom). Fibroblastlike cells have produced multiple layers of irregularly "I per MUFOPEOPane cu 1 OPa 
arranged collagen fibrils. Note absence of endothelial monolayer. DM indicates Descemet's demonstrated a definite . fibrillar 
j- membrane (uranyl acetate-lead citrate, original magnification X7200). deposit on f the endothelium and 
E showed multilayering of proliferative 
E endothelial cells with a pesterior cor- 
M Fig 5.—Inflammatory cell on posterior surface of retrocorneal membrane in perfluoropropane- neal membrane. 
X treated cat eye. Note absence of endothelium. DM indicates Descemet’s membrane (uranyl 
acetate-lead citrate, X5000). Cats 
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Clinical Observations.—In addition to 
mild conjunctival injection, anterior 
chamber flare, and fibrin deposition, 
corneal edema occurred in cat eyes 
while sulfur hexafluoride remained in 

À the anterior chamber. Granular pig- 

| ment was noted on the endothelium = 
while gas was present, and the depos- 

a its persisted even after the edema 
resolved, but the cornea was other- 
wise unremarkable. This was true as 
well for the cornea of the eyes that 
had multiple injections to assure 
exposure for 22 days. Pigment deposi- 
tion on the anterior lens eapsule was 
also present but was not associated 
with progressive cataract. 

The perfluoropropane-injected cat 
eyes showed moderate conjunctival 
vascular injection with anterior 
chamber flare and fibrin while the 
bubble was present. Diffuse corneal 
stromal and epithelial edema devel- -@ 
oped early and persisted. With time, a 
characteristic anterior cystic pattern 
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of edema appeared and persisted. 
Endothelial opacities and thickening 
appeared early and persisted. With 
prolonged edema, vascularization of 
the peripheral corneal stroma some- 
times occurred. 

Ultrastructural Observations.—SEM. 
—The corneal endothelium of 
eyes injected with sulfur hexafluoride 
appeared normal even in eyes having 
repeated injections to assure 22 days 
of exposure. Ne significant endotheli- 
al opacities or deposits were noted, 
and the endothelial mosaic was main- 
tained (Fig 1). 

Eyes injected with perfluoropro- 
pane showed retrocorneal membrane 
formation with occasional adherent 


.. inflammatory cells. Cell processes 


could be seen projecting through a 
fibrous meshwerk (Fig 2). The endo- 
thelial cells away from the area of 
prolonged gas eontact were normal in 
appearance. 

Light Microscopy and TEM.—Light 
microscopy anc TEM of sulfur hexa- 
fluoride-injected eyes (single and 
multiple injections) showed a normal 
endothelium and Descemet’s mem- 
brane (Fig 3, eft). Endothelial cell 
structure was preserved and no redu- 
plication of Descemet’s membrane 
appeared (Fig 3, left). 

Eyes injected with perfluoropro- 
pane, on the other hand, showed a 
thickened, multilayered endothelial 
retrocorneal membrane on light 
microscopy (Fig 3, right). Transmis- 
sion electron microscopy confirmed 
proliferation of cells and multilayer- 
ing of a posterior corneal membrane 
(Fig 4, bottom) and confirmed occa- 
sional inflammatory cells adherent to 
the membrane (Fig 5). Interestingly, 
the peculiar pattern of accentuated 
anterior edema of a cystic character 
was confirmed by the marked inter- 
cellular epithelial edema seen in thick 
section. 


COMMENT 


Intraocular gas injection in the 
treatment of retinal detachment was 


1. Crittenden JJ, de Juan E, Tiedeman J: 
Expansion of long-aeting gas bubbles for intrao- 
cular use. Arch Ophihalmol 1985;103:831-834. 

2. Lincoff H, Mardrossian J, Lincoff A, et al: 
Intravitreal longevity of three perfluorocarbon 
gases. Arch Ophthaimol 1980;98:1610-1611. 

3. Lincoff A, Haft D, Liggett P, et al: Intravi- 
treal expansion of perfluorocarbon bubbles. Arch 
Ophthalmol 1980;98: 1646. 

4. Ohm J: Ueber die Behandlung der Netzhaut- 
ablosung durch operative Entleerung der subre- 
tinalen Flussigkeit und Eiuspritzung von Luft in 


- den Glaskorper. Graefes Arch Clin Exp Ophthal- 


mol 1911;79:442-450. 
5. Rosengren B: Cases of retinal detachment 
treated with diathermy and injection of air into 
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introduced in 1911 by Ohm* and was 
successfully applied by Rosengren’ 
with the combined use of diathermy. 
The short duration of the injected air 
limited its effectiveness until the 
technique was revived by Norton et al‘ 
in 1969 in the treatment of giant 
retinal tears. Based on the experimen- 
tal work of Machemer in the early 
1970s, Norton’ suggested that longer- 
acting gas such as sulfur hexafluoride 
would be clinically effective. Since 
that time, a number of other long- 
acting gases have been investigated 
and used clinically for pneumatic reti- 
nopexy and as an adjunct in vitreo- 
retinal surgery.' Long-acting gas bub- 
bles expand in the eye because tissue 
gases, particularly nitrogen, initially 
diffuse into the bubble from sur- 
rounding tissue fluid. The bubble per- 
sists in the eye because it is less 
soluble in water than nitrogen and 
cannot escape as fast as nitrogen 
enters. The resultant expansion and 
persistence of the bubble is clinically 
important since it may lead to ele- 
vated intraocular pressure and, in the 
aphakic eye, allow prolonged corneal 
endothelial contact. 

Since the corneal endothelium 
obtains its nutrition from the aqueous 
humor, prolonged interference with 
access to the aqueous humor could 
result in clinical damage to the cor- 
nea, with decompensation of the endo- 
thelium. Van Horn et al* observed 
transient and reversible endothelial 
changes in rabbits whose anterior 
chambers had been injected with sul- 
fur hexafluoride. Since rabbit endo- 
thelium is capable of replication and 
regeneration, it is important to be 
sure that species whose corneal endo- 
thelium is not regenerative also are 
examined for possible adverse effects 
of prolonged intraocular gas. 

This study demonstrates that pro- 
longed confinement of perfluoropro- 
pane to the anterior chamber results 
in severe alterations in the corneal 
endothelium in both rabbits and cats. 
The most pronounced effect was in the 
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cat, whose endothelium does not have 
significant capacity to regenerate.’ 
Compared with sulfur hexafluoride, 
the increase in inflammation due to 
perfluoropropane is minimal, but the 
effect of perfluoropropane on endo- 
thelial structure and function is sig- 
nificantly greater and can result in 
persistent corneal edema and posteri- 
or corneal membrane formation. Ret- 
rocorneal membrane formation has 
been described in more than 20 differ- 
ent disorders and may be a nonspe- 
cific end point of a number of differ- 
ent pathways of disease or injury." 

We do not demonstrate a specific 
toxic effect due to perfluoropropane, 
but our results show a deleterious 
effect on the corneal endothelium due 
to prolonged contact with perfluoro- 
propane, which may be due to inter- 
ference with nutrition of the endothe- 
lium. Studies of octafluorocyclobu- 
tane injections into the anterior 
chamber of owl monkeys have shown 
no deleterious effect in the corneal 
endothelium, but the duration of gas 
exposure was much shorter than in 
our model. Such deprivation has 
effects similar to those observed after 
the prolonged presence of liquid sili- 
cone oil in the anterior chamber of 
rabbits and cats.’ Positioning the 
patient after intraocular injection of 
perfluoropropane should prevent cor- 
neal endothelial contact and subse- 
quent endothelial damage. Clinical 
reports of the use of perfluoropropane 
in humans when patients are appro- 
priately positioned indicate a low inci- 
dence of corneal edema located superi- 
orly in the cornea that is usually 
transient.? Our results indicate that 
in clinical situations contact of gas 
with the endothelium should be mini- 
mized. 
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Immunoreactive Opsin Content in 
Subretinal Fluid From Patients With 


Rhegmatogenous Retinal Detachments 


Satoshi Hara, MD; Sei-ichi Ishiguro, PhD; Seiji Hayasaka, MD; Katsuyoshi Mizuno, MD 


€ We determined the immunoreactive 
opsin content in the subretinal fluid from 
16 patients with rhegmatogenous retinal 
detachment by enzyme-linked immuno- 
sorbent assay. The opsin content de- 
creased with the duration of the detach- 
ment, but there was no correlation 
between opsin content and the age of the 
patient or the extent of the retinal detach- 
ment. Á 

(Arch Ophthalmol 1987;105:260-263) 


Degeneration of the retina resulting 

from retinal detachment is not 
always reversible after the successful 
surgical repositioning of the retina. 
Needle biopsy specimens of detached 
neural retina disclosed photorecep- 
tors without outer segments!; the out- 
er segments were then shown in the 
subretinal fluid." In long-standing 
detachments, no outer segments were 
observed in the subretinal fluid. To 
our knowledge, no reports have 
described the presence of immunore- 
active opsin or have quantitatively 
analyzed immunoreactive opsin con- 
tent in subretinal fluid from rhegma- 
togenous retinal detachments, al- 
though several biochemical studies on 
subretinal fluid have been done. 
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Knowledge of the opsin content in the 
subretinal fluid may help our under- 
standing of how photoreceptors are 
damaged by retinal detachment. 


MATERIALS AND METHODS 
Sampling of Subretinal Fluid 


Subretinal fluid was obtained from 16 
patients with rhegmatogenous retinal 
detachments who were undergoing their 
first reattachment surgery. We selected 
those patients who could clearly remember 
the onset of a visual field defect. The 
degree of detachment was defined by the 
affected quadrant(s). The duration of the 
detachment was the time from the pa- 
tient's first awareness of a visual field 
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Summary of Clinical Data and Immunoreactive Opsin Content in Subretinal Fluid 


Extent of Immunoreactive 
Patient/Sex/ Detachment, Method of Opsin Content, 
Age, y Duration, d Quadrants Operation * pmol/mL 


m|-|[mj|rmj|m|—|»|nsjmi|alimlimlilsa 


15/F/48 20 D and I 100 
16/F/42 100 4 D and | 1 





defect to the time of the operation. The 
samples of subretinal fluid were collected, 
as free of blood as possible, during the 
surgical procedure. The area around the 
drainage site, where the retinal detach- 
ment was most elevated, was carefully 
cleaned. Full-thickness sclera was cut, and 
the exposed choroid was ceagulated with 
heat. Following a puncture of the choroid 
with a 27-gauge needle, a blunt 18-gauge 
needle on a 1-mL syringe was held over the 
scleral wound. Blood-contaminated sam- 
ples were discarded. The samples were 
adjusted to 1% of polyoxyethylene octyl- 
phenylether (TX-100) for solubilization of 
opsin and were frozen at —20°C until 
used. 


















D and | 120 
D and | 75 






* C indicates cryoretinopexy; E, explant; D, diathermy; and |, implant. 


Immunoreactive Opsin Content—Hara et al 


Fig 1.—!mmunofilot (Western blot) analysis of 
subretinal fluid. Right lane, purified bovine 
rhodopsin from patient 8. Left lane, subretinal 
fluid from patient 3. Lanes were incubated with 
rabbit anti-bovire opsin serum. Blots were 
stained with 4schloro- 1-naphthol following 
incubation of immunoblot with peroxidase- 
labeled goat andi-rabbit IgG. Arrows show 
monomer of immunoreactive opsin. 


Fig 2.—Enzyme-inkec immunosorbent assay 
of human opsin. Percentage bound refers to 
proportion of released p-nitrophenol, with 
100% being amount of second antibody bound 
to rabbit anti-bovine opsin serum in absence 
of antigen at first ncubation. Logarithm (base 
10) of opsin dose was plotted against logit of 
percentage bourd. Plots are straight-line 
approximations of datasafter analysis by com- 
puter using methad of least squares. Correla- 
tion coefficient for purified bovine opsin (open 
circles) was 0.998, and that for human opsin 
(closed circles) was 0.987. 
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Fig 3.—Correlation of immunoreactive opsin content and duration of retinal detachment. 
Correlation coefficient without data of patient 3 was —0.753. Duration of retinal detachment was 
1095 days in patient 3, and opsin content was very low (8 pmol/mL). We therefore omitted 


patient 3 from linear regression analysis. 


Preparation of Antibody to Bovine Opsin 


Purified rhodopsin was isolated from 
frozen, dark-adapted retinas and purified 
by chromatography on calcium phosphate- 
silica and concanavalin A-agarose by the 
method of Plantner and Kean.’ Antibody 
to bovine opsin was prepared by injecting 
0.05 umol of purified rhodopsin, in 0.05 
mol/L of TRIS buffer, pH 7.0, that con- 
tained 0.3% polyoxyethylene 10-tridecy- 
lether (Emulphogen) (optical purity, 1.80), 
with an equal volume of Freund’s complete 
adjuvant, into the toe pad of a New Zealand 
white rabbit in the light. The injection was 
repeated at three weeks and at five weeks 
subcutaneously into the back. Blood sam- 
ples were obtained three days after the 
third injection. The blood was allowed to 
clot at a cold temperature, and clear serum 
was obtained by centrifugation at 2000 g for 
20 minutes and stored at —20°C. 


Western Blotting of Subretinal Fluid 


Subretinal fluid was obtained from the 
eye of patient 8 (Table); the total volume 
was about 0.8 mL. We used 200 uL of 
subretinal fluid to determine the opsin 
content. The remainder was centrifuged at 
20 000 g for 20 minutes, and the precipitate 
was solubilized for sodium lauryl sulfate 
(SLS)-polyacrylamide gel electrophoresis 
by the method of Laemmli.* Western blot: 
and immunoblot techniques were per- 
formed on the solubilized precipitate using 
SLS-polyacrylamide slab gel electrophore- 
sis (1075 polyacrylamide gel) to check the 
reactivity to the rabbit anti-bovine opsin 
serum. The absorption test was performed 
using a 1:200 dilution of rabbit anti-bovine 
opsin serum premixed with 3 nmol/mL 
bovine opsin (about 100-fold molar excess 
over the specific IgG to opsin). 


Determination of the Opsin Content of 
the Human Retina 


A human eye was obtained at surgery 
from a 62-year-old man who had maxillary 
adenocarcinoma but no ocular disease. The 
eyeball was kept cold for two hours and 
transported to our laboratory. The follow- 
ing procedures were performed at 4?C: The 
eyeball was cut at the pars plana of the 
ciliary body, and the retina was peeled off 
and cut at the optic nerve head. The retina 
was kept in a —80°C freezer until used. 
Retinal homogenate was made with use of 
a glass-Teflon homogenizer (Potter-Elveh- 
jem). Rhodopsin in the retinal homogenate 
was regenerated in the dark by the addi- 
tion of a tenfold molar excess of 11-cis 
retinal® purified by high-pressure liquid 
chromatography’ and solubilized in 3% 
polyoxyethylene. Rhodopsin content in the 
solution was determined spectrophotomet- 
rically using the molar extinction coeffi- 
cient of 40 000 at 497 nm.? 


Quantitative Analysis of Immunoreactive 
Opsin by Enzyme-Linked Immunosorbent 
Assay (ELISA) 


Fifty microliters of purified bovine opsin 
(10 pmol) in 0.01 mol phosphate-buffered 
saline (PBS), pH 7.4, was placed into the 
wells of a flexible vinyl microliter plate 
(Falcon 3912). The plate was allowed to sit 
for two hours at room temperature. Phos- 
phate-buffered saline that contained 1% 
polyoxyethylene octylphenylether (PBS 
TX-100) was used to rinse each well, and 
150 uL of PBS TX-100 that contained 1% 
bovine serum albumin (BSA) (PBS TX-100 
BSA) was added; the plate was then 
allowed to sit for one hour at room temper- 
ature, and was then rinsed five times with 
PBS TX 100. Rabbit anti-bovine opsin 


Immunoreactive Opsin Content—Hara et al 261 


^i 
n. 


Immunoreactive Opsin Content, pmol/mL 








Fig 4.—Correlation of immunoreactive opsin content and ages of patients. Correlation 


coefficient was —.105. 
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Fig 5.—Correlation of immunoreactive opsin content and extent of retinal detachment. 


Correlation coefficient was —.542. 


serum diluted 1000-fold with PBS TX 100 
BSA was incubated for two hours at room 
temperature in a test tube with samples 
such as bovine opsin, human retinal 
homogenate, or subretinal fluid. Fifty 
microliters of reaction mixture were 
placed in each washed well. The plate was 
incubated for two hours at room tempera- 
ture. Immunologically reacting opsin in 
the sample solution, therefore, competed 
with immobilized bovine opsin in the well 
against rabbit anti-bovine opsin serum. 
The plate was rinsed five times with PBS 
TX-100. Fifty microliters of 1500-fold 
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diluted goat anti-rabbit IgG-alkaline 
phosphatase conjugate with PBS TX-100 
BSA was added to each well. The plate was 
incubated for one hour at room tempera- 
ture. After we rinsed the plate ten times 
with PBS, 100 „L of substrate solution 
containing a 1 mol/L of TRIS buffer base, 1 
mol/L of sodium chloride, 6 mmol of p- 
nitrophenol phosphate, and 2 mmol of 
magnesium chloride, pH 9.5,? was added to 
each well. The plate was incubated at room 
temperature and read at 405 nm with a 
microplate photometer (Hitachi MTP-12). 

Wells in which the reaction mixture of 


PBS TX-100 was added to rabbit anti- 
bovine opsin serum or PBS TX-100 BSA 
were 100% or 0%, respectively. The loga- 
rithm (base 10) of the opsin dose was 
plotted against the logit of the percentage 
bound. The data were plotted using a least- 
square approximation. 


RESULTS 


Precipitates of the subretinal fluid 
contained immunoreactive opsin (Fig 
1). Three nanomoles per milliliter of 
bovine opsin completely inhibited the 
binding of human opsin to a 1:200 
dilution of rabbit anti-bovine opsin 
serum. 

Human rhodopsin was regenerated 
in 11-cis retinal, and the rhodopsin 
content in the retina was 3.7 nmol 
using the molar extinction coefficient 
of 40000 at 497 nm.‘ Based on the 
spectrophotometric data of rhodopsin 
content in the human retinal homoge- 
nate, reactivity of human opsin in 
the homogenate was tested by ELISA. 
When compared with purified bovine 
opsin, the reactivity was almost the 
same (Fig 2). 

The immunoreactive opsin content 
of 16 samples of subretinal fluid from 
patients with primary rhegmatoge- 
nous retinal detachment was mea- 
sured by ELISA (Table). The highest 
level of immunoreactive opsin in this 
study (patient 13) was 120 pmol/mL. 
As the total volume of the sampled 
subretinal fluid at the operation was 
about 1 mL, the amount of immunore- 
active opsin in the subretinal fluid 
was about 3% of the rhodopsin con- 
tent of the normal retina. The amount 
of immunoreactive opsin present 
depended on the duration of the reti- 
nal detachment (Fig 3) but not on the 
age of the patient nor on the size of 
the retinal detachment (Figs 4 
and 5). 


COMMENT 


We showed by quantitative meth- 
ods that the immunoreactive opsin 
content in subretinal fluid decreases 
with the duration of the retinal 
detachment. Feeney et al' reported 
that outer segments of photoreceptors 
were found histologically in the subre- 
tinal fluid from patients with rheg- 
matogenous retinal detachment but 
not in those with long-standing reti- 
nal detachments. Our studies appear 
to support their findings. 

Hayasaka et al'? demonstrated that 
the concentration of lysosomal en- 
zymes (including acid proteinase, 
which degraded rod outer segments" 
or rhodopsin?), increased with the 
duration of retinal detachment. Mac- 
rophages, which may phagocytize out- 
er segments, were also observed in the 
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subretinal flu:l.? Immunoreactive 
opsin in the subretinal fluid probably 
comes from photoreceptors that 
lacked outer segments soon after reti- 
nal detachmert.? The possibility 
remains, however, that subretinal 
opsin may arisefrom degraded cells of 
the pigment epithelium. Kroll and 
Machemer? showed that lamellar 
inclusion bodies in the pigment epi- 
thelium degenerated on the first day 
of retinal detachment and disap- 
peared later. Iajury to the pigment 
epithelium may induce the release of 
lamellar inclusion bodies, which were 
phagocytized portions of the outer 
segments," intc the subretinal space. 
From the changes of the activity of 
protein kinase in the subretinal fluid, 
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Kranias et al'^ concluded that, two 
weeks after the detachment, no fur- 
ther substantial degradation of rod 
outer segments occurred. Our Fig 3, 
therefore, probably indicates the time 
it takes to remove or degrade immu- 
noreactive opsin in subretinal fluid. 
Without knowing the time at which a 
visual field defect occurs, it might be 
possible to estimate the duration of 
retinal detachment and the severity of 
retinal degeneration from the amount 
of immunoreactive opsin present. 

In our study, the highest amount of 
immunoreactive opsin in the subreti- 
nal fluid was 120 pmol/mL. The molar 
extinction coefficient for human rho- 
dopsin is 40000 at 497 nm. Spectral 
measurements, therefore, are impos- 


References 


opsin, in McCormic DB, Wright LU (eds): Method 
in Enzymology. Orlando, Fla, Academic Press 
Inc, 1971, vol 18, pt C, pp 623-625. 

7. Paanakker JE, Groenedijk GWT: Separa- 
tion of geometric isomers of retinyl ester, retinal 
and retinol, pertaining to the visual eyele, by 
high-performance liquid chromatography. 
J Chromatogr 1979;168:125-132. 

8. Wald G, Brown PK: Human rhodopsin. Sci- 
ence 1958;127:222-226. 

9. Gregerson DS, Abrahams IW, Thirkill CE: 
Serum antibody levels of uveitis patients to 
bovine retinal antigens. Invest Ophthalmol Vis 
Sci 1981;21:669-680. 

10. Hayasaka S, Hara S, Mizuno K: Lysosomal 
enzymes in subretinal fluid. Graefes Arch Clin 
Exp Ophthalmol 1976;200:13-20. 

11. Hayasaka S, Hara S, Mizuno K: Degrada- 
tion of rod outer segment proteins by cathepsin 
D. J Biochem 1975;78:1365-1367. 


Currently in Other AMA Journals 


sible. Only radioimmunoassay’ or 
ELISA is applicable to measure low 
levels of immunoreactive opsin. In 
terms of safety and economy, ELISA 
has advantages over radioimmunoas- 
say. Also, no special facility is neces- 
sary for the use of radioisotopes. The 
accuracy with which opsin can be 
measured by ELISA was also con- 
firmed: The opsin content in one 
human retina was 3.7 nmol in our 
study; this was similar to the 3.5 nmol 
per eye obtained by spectroscopy” and 
about 4 nmol per eye based on radio- 
immunoassay.” Thus, ELISA is useful 
in various situations in which mea- 
surements of opsin by spectroscopy or 
radioimmunoassay is inappropriate. 


12. Hara S, Plantner JJ, Kean EL: The enzy- 
matic cleavage of rhodopsin by the retinal pig- 
ment epithelium: I. Enzyme preparation, proper- 
ties and kinetics: Characterization of the glyco- 
peptide product. Exp Eye Res 1983;36:799-816. 

13. Dowling JE, Gibbon IR: The fine structure 
of the pigment epithelium in the albino rat. J Cell 
Biol 1962;14:459-474. 

14. Kranias G, Kranias E, Dobbie JG: Protein 
kinase in the subretinal fluid. Exp Eye Res 1979; 
29:1-6. 

15. Plantner JJ, Hara S, Kean EL: Improved, 
rapid radioimmunoassay for rhodopsin. Exp Eye 
Res 1982;35:543-548. 

16. Crescitelli F, Dartnall HJA: Human visual 
purple. Nature 1953;172:195-197. 

17. Barbour HL, Plantner JJ, Kean EL, et al: 
Rhodopsin content of human retinas. Invest Oph- 
thalmol Vis Sci 1985;26(suppl):290. 


ARCHIVES OF OTOLARYNGOLOGY-HEAD & NECK SURGERY 

The Reporting of Statistical Techniques in Otolaryngology Journals 
James A. Hokanson, PhD; Charles M. Stiernberg, MD; Melinda S. McCracken, MS; 
Francis B. Quinn, Jr, MD (Arch Otolaryngol Head Neck Surg 1987;113:45-50) 


Visual Loss due to Orbital Fracture 
Alan F. Lipkin, MD; Gayle E. Woodson, MD; Robert H. Miller, MD (Arch Otolaryngol 
Head Neck Surg 1987;113:81-83) 


Split Calvarium Cranioplasty 
Randal S. Weber, MD; Donald B. Kearns, MD; Richard J. H. Smith, MD (Arch 
Otolaryngol Head Neck Surg 1987;113:84-89) 


Arch Ophthalmol— Vol 105, Feb 1987 
| 


| 





Immunoreactive Opsin Content—Hara et al 263 


mV z 


Effect of Ketorolac on Candida albicans 


Ocular Infection in Rabbits 


Elizabeth B. Fraser-Smith, MA, Thomas R. Matthews, PhD 


@ The tendency of corticosteroids to 
exacerbate ocular infections limits their 
usefulness. Ketorolac tromethamine, a 
nonsteroidal anti-inflammatory agent, is 
under development as an anti-inflammato- 
ry ophthalmic drug. In this study, rabbits 
ocularly infected with Candida albicans 
were treated topically four times daily 
with 0.5% ketorolac tromethamine or 
0.1% dexamethasone for seven days 
after infection. Severity of infection was 
scored using both the Draize scale and 
Candida colony counts. Seven days after 
treatment ended, both the overall ocular 
scores (6/20) and colony count scores 
(0.5/3) were the same for ketorolac as for 
the vehicle, indicating no exacerbation of 
the infection, whereas with dexametha- 
sone these values increased (13/20 and 
2.3/3, respectively). During treatment, 
both ketorolac and dexamethasone 
reduced conjunctivitis equally (1.5/10) 
when compared with the vehicle (3.4/ 10). 
However, after treatment, conjunctivitis 
became more severe only in dexametha- 
sone-treated eyes (6/10). Thus, unlike 
dexamethasone, ketorolac seems to be a 
drug that can suppress inflammation with- 
out exacerbating fungal ocular infection. 

(Arch Ophthalmol 1987; 105:264-267) 


Fopically applied corticosteroids 
protect the eye from the damaging 
effects of inflammation, but their 
safety in the presence of fungal infec- 
tion is of major concern. In rabbits, an 
increase in fungal corneal disease 


Accepted for publication June 3, 1986. 

From Department of Antimicrobial Research, 
Syntex Research, Palo Alto, Calif. 

Reprint requests to Syntex Research, Depart- 
ment of Antimicrobial Research, 2375 Charleston 
Rd, Mountain View, CA 94043 (Ms Fraser- 
Smith). 


264 Arch Ophthalmol— Vol 105, Feb 1987 


associated with cortisone treatment 
has been reported.'? Corticosteroids 
have even been used to help establish 
fungal keratitis in various in vivo 
ocular infection models.** Recently, 
the adverse effect of corticosteroids 
on the effectiveness of antifungal 
agents applied to the eye has been 
documented.!'^* 

Many nonsteroidal compounds have 
now been tested as anti-inflammatory 
agents. The tendency of these drugs 
to cause irritation when applied topi- 
cally has impeded their development. 
Recently, a new nonsteroidal com- 
pound has been identified that has 
topical anti-inflammatory activity at 
concentrations as low as 0.1% and yet 
is nonirritating.*^ This compound, 
ketorolac tromethamine, is the tro- 
methamine salt of (+)-5 benzoyl-1,2- 
dihydro-3H-pyrrolo(1,2a)pyrrole-1- 
carboxylic acid (Fig 1). 

The present study was designed to 
determine whether treatment with 
ketorolac would exacerbate a Candida 
albicans ocular infection in rabbits as 
well as to test the efficacy of this 
noncorticosteroid against inflamma- 
tion due to this infection. The effect of 
ketorolac, at the concentration chosen 
for clinieal studies, was compared 
with that of dexamethasone sodium 
phosphate, a commercially available 
corticosteroid formulation. 


MATERIALS AND METHODS 
Compounds 


The 0.5% ketorolac tromethamine for- 
mulation and its vehicle control were pre- 
pared, analyzed, and checked for stability 
by the Institute of Pharmaceutical Sci- 
ences, Syntex Research, Palo Alto, Calif. 
The 0.1% dexamethasone sodium phos- 
phate preparation was purchased commer- 
cially. All formulations were kept in drop- 


per bottles that dispensed approximately 
0.1 mL in two drops. 


Infection 


A human clinical isolate of C albicans 
was passed and recovered in vivo from 
mouse kidneys once a year. The fungus was 
stored at —196?C until use. Candida albi- 
cans was prepared for challenge by grow- 
ing cells overnight at 35°C on modified 
Emmons slants. The cells were then sus- 
pended in saline solution at 5 X 10* cells 
per milliliter. For the infeetion, male New 
Zealand white rabbits (weight range, 1.8- 
2.0 kg) were randomly assigned to three 
groups of ten animals each (20 eyes per 
group). Animals were anesthetized with 30 
mg/kg of ketamine hydrochloride. The 
rabbits were then infected intracorneally 
with the C albicans challenge by (1) tempo- 
rarily anesthetizing both eyes with 0.5% 
proparacaine hydrochloride ophthalmic 
solution; (2) perforating each eye through 
the full thickness of the cornea with a 
26-gauge needle containing the fungal 
preparation, using a ten-dot pattern; and 
(3) adding four additional drops of culture 
to the cornea and two to the conjunctival 
sac. The animals were sequentially 
infected (ie, first animal of each group, 
second animal of each group) to reduce 
group variability arising from possible 
changes in the fungal preparation with 
time. 

The severity of the ensuing ocular infec- 
tion was concentration-dependent. Eyes 
did not become infected with less than 10’ 
cells per milliliter. Inoculation with 5 X 10’ 
Candida cells produced only a mild infec- 
tion that could not be used effectively. On 


Fig 1.—Structural formule of ketorolac. 
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the other hand, noculating with 5 x 10° 
Candida cells peranilliliter caused corneal 
opacity, iritis, anc conjunctivitis to develop 
to approximately 50% of maximum. Thus, 
if treatment with either compound caused 
an increase or decrease of infection and 
inflammation it Ould be adequately mea- 
sured. | 

In addition, ino-ulating with 5 X 10° cells 
per milliliter preduced an active ocular 
infection that lasted for more than two 
weeks. During tHis time, C albicans was 
consistently cultured from corneal swabs. 
After ten days, Candida foci appeared 
macroscopically m a few of the original 
puncture sites i- 85% to 90% of eyes. 
These foci furthe confirmed the continu- 
ing presence of yeast and were used as an 
additional measure of infectivity. 


| Tseatments 


Starting one lay after infection, the 
three groups of _nimals were dosed topi- 
cally with 0.1 m~ (two drops) of drug or 
vehicle four times daily for seven days at 
approximately 7 aM, 10 AM, 1 PM, and 3 PM. 
Thus, each eye mceived either 2.0 mg of 
ketorolac per da- administered as a 0.5% 
solution, 0.4 mg ef dexamethasone per day 
administered as a 0.1% solution, or the 
vehicle cont jl. Zach animal received the 
same treatment n both eyes to eliminate 
any influence of the systemic absorption of 
drug. | 


Analysis of Infectivity and Inflammation 


Response to therapy was observed on 
postinfection dams 1 through 4, 7 through 
11, 13, and 14 (cay of infection is day 0). 
The standard D*aize scale was used for 
scoring ocular mfection and inflamma- 
tion.'* In brief, te criteria and scale were 
as follows: corneal opacity range, 0 to 4; 
area of corneal involvement, 0 to 4; devel- 
opment of iritis, * to 2: and conjunctivitis, 0 
to 10 (divided irto redness of eye, 0 to 3; 
swelling of eyeli«, 0 to 4; and discharge of 
exudate, 0 to 3). The overall ocular scores 
are the sums of these scores. All criteria 
were measured visually with the scorer 
unaware of the treatments being given. 

In addition to the Draize grading scale, 
response to the-apy was also measured 
quantitatively b- analyzing visible C albi- 
cans ocular growth. Individual Candida 
colonies, growins at the original corneal 
puncture sites, first became apparent mac- 
roscopically on postinfection day 10. These 
foci were scored on a scale with a 0 to 3 
range on days 11, 13, and 14 where 1 
indicates one to two colonies, 2 indicates 
three to Pise b and 3 indicates more 
than five colonies. In addition, a score of 3 
was assigned in the few cases where Can- 
dida was seen growing in the aqueous 
humor. | 

During develcoment of this model, the 
Draize scoring sstem was found to corre- 
late well with «bserved changes in both 
infection and indammation. To study the 
scores for infecion, virulence titrations 
were performed As the number of Candi- 
da foci on the c»rnea increased from zero 
to more than fiv», the overall ocular score, 
including values for corneal opacity, area 
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Fig 2.—Mean overall ocular scores (unweighted Draize scale) for Candida albicans-infectea 
rabbit eyes treated topically with O.1 mL of either 0.5% ketorolac tromethamine or 0.1% 
dexamethasone four times daily for the first seven days after infection. 
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Fig 3.—Mean scores of visible Candida albicans growth in rabbit eyes treated topically with 0.1 P 
mL of either 0.5% ketorolac tromethamine or 0.1% dexamethasone four times daily for the first | 
seven days after infection. j 
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Fig 4.—Mean conjunctivitis scores (Draize scale) for Candida albicans-infected rabbit eyes 
treated topically with 0.1 mL of either 0.5% ketorolac tromethamine or O. 196 dexamethasone 
four times daily for the first seven days after infection. 


involved, and iritis, increased correspond- 
ingly. To study the scores for inflamma- 
tion, infected eyes were treated with the 
known anti-inflammatory agent, dexa- 
methasone, for different time intervals. 
During treatment, the  conjunctivitis 
scores were significantly decreased. When- 
ever treatment was stopped, these inflam- 
mation scores rebounded within two days 
to the level of the control. 


Rabbit Weights 


Rabbits were weighed on day 3 before 
infection and on days 4, 11, and 14 after 
infection. One animal in the vehicle group 
and two animals in the dexamethasone 
group were killed on postinfection days 2 
through 4, respectively, because of over- 
whelming infection. 


Statistics 


A nonparametric two-way analysis of 
variance test for treatment and interaction 
differences was used to compare the 
scores obtained for each ocular measure- 
ment and for animal weights. Whenever 
significant differences were found, these 
analyses were followed by nonparametric 
multiple comparisons. In these tests, the 
values for each eye were considered sepa- 
rately. No difference in the results was 
seen when this method was checked by 
averaging the scores for the eyes of each 
animal together. Comparisons were made 
between the vehicle and either ketorolac or 
dexamethasone as well as between ketoro- 
lac and dexamethasone. 
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RESULTS 


Ketorolac did not increase a C albi- 
cans ocular infection in rabbits. As 
shown in Fig 2, the mean overall 
ocular scores (sum of the scores for 
corneal opacity, corneal area involved, 
iritis, and conjunctivitis) for the 
ketorolac-treated animals were either 
less than or no different from the 
vehicle-treated controls. During 
treatment (from days 3 through 7 
after infection), the scores were sig- 
nificantly lower than the control (P < 
.03). Shortly after treatment ended 
(from days 9 through 14 after infec- 
tion), the scores were the same as the 
control (P>.2). Furthermore, as 
shown in Fig 3, visible C albicans 
ocular growth that first became 
apparent three days after treatment 
ended (day 10 after infection) was no 
different from the vehicle (P>.2). 
These latter scores reflect the number 
of individual Candida colonies grow- 
ing on the cornea as well as the 
appearance of Candida in the aqueous 
humor. 

In contrast, dexamethasone exacer- 
bated the C albicans ocular infection. 
Initially, during treatment (days 4 
through 7 after infection), the overall 
ocular score (Fig 2) was significantly 
lower than the vehicle control (P < 


mE ES 


.03), as was seen with ketorolac. How- 
ever, by day 13 after infection, the 
overall mean scores were significantly 
greater than those of the vehicle (P = 
.02). In addition, visible C albicans 
ocular growth on the cornea and in 
the aqueous humor (Fig 3) was great- 
er than with the vehicle by day 11 
after infection (P = .04). This en- 
hancement of the fungal infection 
became more severe with time. By day 
14 when the test ended, the P value for 
the overall ocular score was .003 and 
for the visible C albicans ocular 
growth P was less than .001 when 
dexamethasone-treated eyes were 
compared with vehicle. 

The anti-inflammatory activity of 
ketorolac was equal to that of dexa- . 
methasone in this study. When the 
conjunctivitis scores were analyzed — 
separately (Fig 4), both ketorolac and 
dexamethasone reduced the redness, 
swelling, and discharge of the eye 
during treatment compared with 
vehicle (P, .04 to < .001). Both com- 
pounds worked equally well (P>.2 
compared with each other). However, 
following treatment only the animals 
treated with dexamethasone experi- 
enced an increase in inflammation 
above the vehicle due to the worsening 
fungal infection (P = .001 by day 14). 

Further evidence that ketorolac did 


not increase a C albicans ocular infec- . 


tion was obtained by comparing ani- 
mal weights. No difference was seen 
in the weights of those rabbits 
infected and treated with ketorolac 
when compared with the vehicle- 
treated controls. The animals contin- 
ued to gain weight from a mean of 1.9 
kg at the start to 2.6 kg by day 14 after 
infection (P » .2). In contrast, there 
was a significant loss of weight in 
those rabbits infected and treated 
with dexamethasone beginning after 
treatment ended. By day 14 after 
infection, the mean weights had 


dropped from 2.4 to 2.2 kg (P=.01 .. 


compared with vehicle). 
COMMENT 


The use of steroidal anti-inflamma- 
tory drugs such as dexamethasone to 
treat ocular inflammation in the pres- 
ence of fungal infection has been 
questioned for many years." In the 
present test, 0.1% dexamethasone 
treatment following a C albicans ocu- 
lar infection did indeed exacerbate 
this disease. The severity of the over- 
all ocular scores, including values for 
corneal opacity, corneal ulceration, 
iritis, and conjunctivitis, was in- 
creased six days after treatment end- 
ed. In addition, visible C albicans ocu- 
lar growth was greater after four days 
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than in either the vehicle or ketorolac 
groups. 

On the other hand, ketorolac, a new 
nonsteroidal anti-inflammatory drug, 
did not exacertate the C albicans ocu- 
lar infection at a 0.5% concentration. 
Neither the severity of the overall 
ocular scores ror the visible C albi- 
cans ocular growth was increased 
above the vehice after treatment end- 
ed. 

The ability © suppress cell-medi- 
ated immunity may explain why 
treatment wit: dexamethasone, but 
not with keterolac, was seen to 
increase the p-esert Candida ocular 
infection in rabbits. Dexamethasone 
is known to depress phagocytosis of 
yeast and baceria by macrophages 
^ and polymorph»nuciear leukocytes." 
The compound also reduces natural 
killer cell acivity. Nonsteroidal 
anti-inflammatary agents, on the oth- 
er hand, generally do not have such 
suppressing effets on these compo- 
nents of cell-nediated immunity.” 
In addition, «xetorolac itself has 
been shown to have no effect on the 
generation of superoxide anions 
from polymorphonuclear leukocytes 
(D. V. K. MurtEy, PhD, oral personal 
communication Feb 5, 1986). 

The fact that «etorolac did not exac- 
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erbate an ocular C albicans infection, 
while dexamethasone did, is of partic- 
ular importance since the anti- 
inflammatory properties of ketorolac 
were equal to dexamethasone in this 
test. During treatment, both ketorolac 
and dexamethasone reduced redness, 
swelling, and discharge of the eye to 
the same degree. However, after 
treatment, conjunctivitis increased 
above the control value only in eyes 
treated with dexamethasone. 

The finding that ketorolac had anti- 
inflammatory properties similar to 
those of dexamethasone in this rabbit 
ocular infection model correlates with 
earlier studies. Previously, this drug 
has been tested systemically in rat 
paw edema and polyarthritis models 
of inflammation!” and topically in 
rat corneal neovascularization,? rab- 
bit eye uveitis,’ and guinea pig and rat 
erythema” inflammation models. In a 
recent clinical trial, ketorolac was 
found to reduce chronic aphakic cys- 
toid macular edema as measured by 
an increase in visual acuity.” 

In comparing the anti-inflammato- 
ry mechanisms of ketorolac and dexa- 
methasone, both compounds reduce 
inflammation by inhibiting prosta- 
glandin synthesis. Ketorolac inhibits 
the cyclo-oxygenase pathway of pros- 
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taglandin synthesis from arachidonic 
acid." Dexamethasone inhibits pros- 
taglandin synthesis by reducing the 
generation of arachidonic acid from 
membrane phospholipids by stimulat- 
ing a phospholipase-inhibitory pro- 
tein.?? The fact that dexamethasone 
interacts with membranes to inhibit 
prostaglandin synthesis may also help 
to explain why the Candida ocular 
infection was increased only after 
dexamethasone treatment. A rapid 
turnover of phospholipid cell mem- 
branes is required during phagocyto- 
sis.?^ Stimulation of a phospholipase 
inhibitory protein would be likely to 
interfere with this process. 

In summary, ketorolac, unlike dexa- 
methasone, seems to be a drug that 
can suppress inflammation without 
exacerbating an acute fungal infec- 
tion. Thus, this new, noncorticoste- 
roid, anti-inflammatory agent may be 
a viable alternative to corticosteroids 
in treating ocular inflammation in the 
presence of pathogens. 
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Systemic Tetracycline Treatment of Alkali-Induced 


Corneal Ulceration in Rabbits 


John A. Seedor, MD; Henry D. Perry, MD; Thomas F. McNamara, PhD; 
Lorne M. Golub, DMD; Douglas F. Buxton, MD; Debra S. Guthrie, MD 


@ Recent evidence has demonstrated 
a marked anticollagenolytic effect for the 
tetracycline antibiotics. We have exam- 
ined the efficacy of systemic tetracycline 
hydrochloride in a rabbit model of corneal 
ulceration. A standard alkali burn (1N 
sodium hydroxide for 40 s) was delivered 
to 62 eyes (31 rabbits). Animals were then 
divided into three groups: group 1 (con- 
trols) (ten rabbits [20 eyes]) received no 
treatment; group 2 (ten rabbits [20 eyes]) 
received 10 mg/kg/d of tetracycline 
hydrochloride, given intramuscularly; and 
group 3 (11 rabbits [22 eyes]) received 50 
mg/kg/d. Ulceration occurred in 85% 
(17/20) of control eyes. The higher dos- 
age of tetracycline was more effective in 
preventing ulceration than the lower dos- 
age (9.1% vs 55%). Eyes with higher 
levels of tetracycline in ocular tissues 
were less likely to ulcerate. 

(Arch Ophthalmol 1987; 105:268-27 1) 


Serie corneal ulceration (“corneal 
melt") is relatively common as a 
complication following chemical trau- 
ma or as a manifestation of ocular or 
systemic inflammatory disease.’ 
While the cellular and biochemical 
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processes are complex, there is exten- 
sive experimental evidence implica- 
ting tissue’? and  leukocyte*" 
collagenase as having a key role in the 
common final pathway of corneal 
ulceration. Many therapeutic agents 
have been proposed to block collagen- 
ase activity, but few have had clinical 
usefulness. Recent work by some of us 
has demonstrated a marked anticolla- 
genolytic effect for the family of tet- 
racycline antibiotics in rats, rabbits, 
and humans, both in vivo and in 
vitro.'2"* This effect appears to be 
independent of the drugs’ antimicro- 
bial properties. Using this rationale, a 
patient with a non-infected corneal 
ulcer was treated with systemic tetra- 
cycline hydrochloride." The authors 
reported rapid healing of the lesion, 
which had been refractory to other, 
more conventional therapy. Tetracy- 
cline therapy was subsequently found 
to be effective in several additional 
cases of corneal lesions." 

In view of the potential usefulness 
of tetracyclines in the treatment of 
corneal ulceration, the following 
study was undertaken to evaluate the 
effectiveness of systemically adminis- 
tered tetracycline hydrochloride in a 
rabbit model. 


MATERIALS AND METHODS 


Mature male and female New Zealand 
white rabbits (species pathogen free) 
weighing between 3 and 4 kg were used in 
all experiments. Animals were anesthe- 
tized with a combination of ketamine/ 


acepromazine (25 mg/kg) and xylazine (10 
mg/kg given intramuscularly [IM]). Fol- 
lowing the technique of Levinson et al,” a 
circular plastie well with an 11-mm inner 
diameter was placed on the cornea of a 
proptosed eye and filled with 0.5 mL of 1N 
sodium hydroxide. After 40 s, the alkali 
was evacuated by hypodermic syringe and 
the eye was rinsed for 5 s with saline 
solution. Bland petrolatum ointment was 
then placed into the eye. No further topical 
medications were administered. 

Rabbits were then arbitrarily assigned 
to one of three groups: group 1 (ten rabbits 
[20 eyes]) received no treatment (controls); 
group 2 (ten rabbits [20 eyes]) received 
tetracycline hydrochloride at a dosage of 
10 mg/kg/d (IM); and group 3 (11 rabbits 
[22 eyes]) received tetracycline hydrochlo- 
ride at a dosage of 50 mg/kg/d (IM). All 
eyes were subsequently examined every 
day for signs of ulceration or perforation. 
Animals were killed at 28 days unless 
corneal perforation made it necessary to 
kill them earlier. 

On the second day following the initia- 
tion of tetracycline therapy, blood samples 
were drawn from four rabbits in each 
group at one hour after injection and then 
at 12 hours and 24 hours (just before the 
next dose). Specimens were immediately 
centrifuged, and the serum was frozen at 
—20°C until analyzed for tetracycline 
activity. Fourteen days after the initiation 
of therapy, blood samples were again 
drawn from four rabbits in each group at 1, 
12, and 24 hours after injection, and speci- 
mens were handled in the same way. 

At the termination of the study, aqueous 
samples were drawn by paracentesis using 
a 26-gauge needle and tuberculin syringe 
at two hours and then 24 hours after 
injection. Approximately 0.10 mL of aque- 
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ous was drawn in each specimen. These 
samples were frozen at —20°C until ana- 
lyzed for tetracycline activity. 

After the rabeits were killed (approxi- 
mately two hour after the final injection of 
tetracycline), w_ole corneas were excised 
from both ulcerated and nonulcerated eyes 
in each of the s:udy groups and placed in 
preweighed vial= The net weight of tissue 
was then calcula-ed and the vial was stored 
at —60?C. For analysis, the tissue was 
ground in a glass tissue-grinding tube with 
sterile saline acded. Tetracycline concen- 
tration was measured as micrograms of 
tetracycline pergram of tissue. 

All tetraeycliae assays were performed 
by the cylinder »late method with Bacillus 
cereus (ATCC M778) as the assay organ- 
ism.” Zonesof ixhibition were converted to 
concentrations from a standard curve. 
Controls consis-ed of sterile saline (nega- 
tive) and salin* solution of tetracycline 
hydrochloride, L0 mg/L (positive). 

After the ra»bits were killed, several 
corneas from ea-h group were immediately 
fixed in cold buffered 10% buffered forma- 
lin acetate solution. After embedding in 
paraffin, the cerneas were stained with 
either hematox- lin-eosin or periodic acid- 
Schiff and eva uated by means of light 
microscopy. 

Ulcers that developed in each group were 
scraped and placed on blood and chocolate 
agar piktos. Pates were examined for 
growth after 48 nours by an observer unas- 
sociated with tEis study. 

One rabbit ingroup 2 and two rabbits in 
group 3 developed abscesses at the site of 
tetracycline inpgetion and were excluded 
from the study. 


RESULTS 


Group 1 hae ulceration in 17 (85% ) 
of 20 corneas, *ompared with 11 (55% ) 
of 20 for group 2. This difference was 
not statisticaly significant (P = .06 
[x? test]). A sgnificant difference was 
noted between controls and group 3, 
which had ulceration in only two 
(9.1%) of 22 corneas (P «.001). If 
groups 2 and 5; are compared, group 3 
maintains a sznificantly higher bene- 
ficial effect (F < .01). 

Table 1 demonstrates an initial 
peak serum teracycline level in group 
2 at one hour, which was significantly 
higher after 11 days of therapy. There 
was à rapid decline, however, and 
after 12 and 23 hours, there was little 
difference in the tetracycline levels 
between days 2 and 14. In group 3, 
peak tetracycine levels at one hour 
were similar en days 2 and 14. Signif- 
icantly higher levels were found at 12 
and 24 hours after injection on day 
14. | 
There was no detectable serum tet- 
racycline actwity in control rabbits 
(group 1). 

In group 2, there was a trend 
toward higher aqueous levels in 
nonulcerated eyes one hour after 
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Hours After 


Injection Day 2 


1 1.00 + 0.29 


1 5.33 + 0.62 


Table 1.— Serum Tetracycline Levels *- | et se 


Serum Tetracycline, mg/L 
a ee ee eee 


Group 2 


.01 
12 0.12 x Di 0.17 + 0.03 .10 
24 0.07 + 0.13 0.12 + 0.04 .35 


Group 3 


12 1.58 + 0.25 2.85 + 0.35 
24 0.20 + 0.10 1.92 + 0.20 .009 


Day 14 Pt 


2.43 + 0.27 


4.25 + 0.35 .06 
.02 


*Group 2 received 10 mg/kg/d of tetracycline hydrochloride; group 3, 50 mg/kg/d. Values are given as 


mean + SEM. 
TStudent's f test. 


Table 2.—Aqueous Tetracycline Levels * 


Aqueous Tetracycline, mg/L 
ee ee oo) 


Ulcerated 
Eyes 


Hours After 
Injection 


Nonulcerated 
Eyes Pt 


Group 2 
1 0.49 + 0.47 0.98 + 0.20 .06 
24 0.10. E: Q. 1D 0.10 + 0.20 1.0 


Group 3 


1.40 + 0.25 
24 0.29 + 0.23 





3.94 + 1.70 .02 
0.44 + 0.60 .65 


* Group 2 received 10 mg/kg/d of tetracycline hydrochloride; group 3, 50 mg/kg/d. Values are given as 


mean + SEM. 
TStudent's t test. 


Table 3.—Corneal Tetracycline Levels * 


Corneal Tetracycline, ug/g 


omr 


Ulcerated Eyes 


1.41 + 1.62 
2.75 + 1.45 


Nonulcerated Eyes 


3.22 + 1.56 
4.81 + 2.14 





*Group 2 received 10 mg/kg/d of tetracycline hydrochloride; group 3, 50 mg/kg/d. Values are given as 


mean + SEM. 
TStudent's t test. 


injection, but this was not statistical- 
ly significant. By 24 hours, minuscule 
amounts of tetracycline were present 
in both ulcerated and nonulcerated 
eyes (Table 2). In group 3, the higher 
dosage produced significantly higher 
aqueous tetracycline concentrations 
in nonulcerated eyes after one hour. 
In both ulcerated and nonulcerated 
eyes, tetracycline activity fell to low 
levels after 24 hours. Tetracycline 
activity could not be demonstrated in 
aqueous samples of control eyes. 

While there was a trend toward 
higher tetracycline levels in nonulcer- 
ated corneas in groups 2 and 3 (Table 
3), the differences were not signifi- 
cant. Control corneas displayed no 
corneal tetracycline activity. 

A representative ulcerated cornea 
is demonstrated in Fig 1. The field is 
immediately adjacent to a descemeto- 
cele. The anterior stroma and mid- 
stroma are diffusely infiltrated with 
acute and chronic inflammatory cells. 


The posterior stroma is devoid of ker- 
atocytes. 

Figure 2 shows a nonulcerated cor- 
nea (Fig 2) from a rabbit in group 3, 
with minimal to no inflammatory 
reaction. There was a total loss of 
stromal keratocytes. 

All cultures taken during the study 
period were negative. 


COMMENT 


Corneal ulceration ultimately de- 
pends on breakdown of the stromal 
collagen and proteoglycan matrix by 
endogenous and leukocyte collagenase 
and other proteases.!'?'?!' Therapies to 
date have attempted to favorably 
modify one or more aspects of this 
process and have included (1) use of 
direct collagenase inhibitors,'?* (2) 
use of anti-inflammatory agents,” 
(3) prevention of neutrophilic infiltra- 
tion by physical? or immunosup- 
pressive means,?? and (4) inhibition 
of neutrophilic respiratory burst.*** 
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Fig 1.—Ulcerated cornea from rabbit in group 1 (control group). Anterior stroma and midstroma 
are infiltrated with acute and chronic inflammatory cells. Posterior stroma is acellular (hematox- 


ylin-eosin, original magnification X 110). 





Fig 2.—Nonulcerated cornea from rabbit in group 3 (treated with 50 mg/kg/d of tetracycline 
hydrochloride). Cornea is completely devoid of cells and without any signs of ulceration (periodic 
acid- Schiff, original magnification X 110). 


Optimal medical therapy, however, is 
controversial and not firmly estab- 
lished. There are often wide discrep- 
ancies between laboratory data and 
clinical effectiveness. Some agents (1e, 
steroids, immunosuppressives), while 
effective, must be used with extreme 
caution.?*? 

We have recently reported on the 
marked anticollagenolytic effect of 
the tetracycline family of antibiot- 
ics.* Briefly, the findings were as 
follows: 

l. Different tetracyclines can in- 
hibit mammalian collagenases includ- 
ing those from skin, gingiva, 
chondrocytes, and polymorphonuclear 
leukocytes. To date, tetracycline, 
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minocycline hydrochloride, and doxy- 
cycline hyclate have been tested and 
found effective, while nontetracycline 
antibiotics (penicillin G potassium, 
streptomycin sulfate, ampicillin sodi- 
um, and cefazolin sodium) were found 
to be ineffective. 

2. Different tetracyclines can in- 
hibit excessive connective tissue 
breakdown in vivo (skin atrophy) and 
in organ culture (parathyroid hor- 
mone-, prostaglandin-, or endotoxin- 
induced bone resorption) pathologic 
processes mediated in part by exces- 
sive collagenase activity. Nontetracy- 
cline antibiotics were tested in the 
bone resorption system and found to 
be ineffective. 





3. Minocycline (or doxycycline) ad- 
ministered to diabetic rats or humans 
reduced the pathologically excessive 


collagenase activity in gingival tis- 


sues, but penicillin therapy appeared 
to be ineffective. 

This data from germ-free and in 
vitro systems demonstrated that tet- 
racyclines can inhibit collagenolytic 
enzymes by a mechanism not related 
to the antibacterial efficacy of these 
drugs. Several hypotheses have been 
proposed to explain these effects: 

First, the chelating properties of 
tetracyclines are well known.** Colla- 
genase and other metaloproteases are 
dependent on cations (calcium, zinc, 
magnesium) to maintain normal 
structure and function.?^ Thus, che- 
lation of these metal ions could be 
responsible for the decreased activity 
of collagenolytic enzymes. In support 
of this concept, tetracycline was found 
able to bind to the collagenase 
enzyme, mediated by a calcium bridge, 
producing an inactive enzyme-inhibi- 
tor complex. Excess calcium added to 
the system reversed the inhibitory 
effect of tetracycline.'” 

Second, tetracyclines have been 
shown to decrease leukocyte ascorbate 
levels? and inhibit phagocytosis and 
chemotaxis.7*? ^ Polymonphonuclear 
leukocyte inhibition by either me- 
chanical or metabolic means has been 
reported to have a beneficial effect on 
corneal ulceration.?' [f tetracy- 
clines do inhibit leukocyte chemotaxis 
and respiratory burst, a similar bene- 
ficial effect could be hypothesized. 

Finally, tetracyclines may inhibit 
collagenase or other proteases by an 
as yet unexplained mechanism. 

We administered tetracycline hy- 
drochloride in a single daily IM injec- 
tion throughout the course of the 
study. Because of its only moderate 
degree of plasma protein binding and 
lipid solubility, tetracycline hydro- 
chloride has a relatively short half- 
life compared with other tetracyclines 
and is reportedly better given in 
divided daily doses.*^^* We found, how- 
ever, that single daily injections of 50 
mg/kg IM over a prolonged period 
produced a high initial peak, followed 
by relatively steady serum levels of 
the drug (Table 1). This dosage was 
effective in inhibiting corneal ulcer- 
ation in the rabbit model. Interesting- 
ly, those eyes that did not achieve 
high ocular levels of tetracycline were 
more likely to ulcerate (Tables 2 and 
3). At present, itis not clear why there 
were variable levels of tetracycline in 
ocular tissues when serum levels were 
fairly constant in all of these animals. 
This may be due to differing anterior 
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segment inflammation and break- 
down of the blood-aqueous barrier 
after the initial alkali burn. Intra- 
muscular tetracycline hydrochloride 
ata dosage of 10 mg/kg/d produced a 
high serum peak at one hour, but this 
high level was not maintained over 24 
hours, even after prolonged treatment 
(Table 1). The incidence of corneal 
ulceration was reduced in this group, 
but not significantly. There was also a 
trend signif higher corneal and 
aqueous leveis of tetracycline in 
nonulcerated eyes, but this was also 
not statistically significant (Tables 2 
and 3). | 

Corneal ulceration is known to be 
associated with extensive inflamma- 
tory-cell infiltration.’*'° In the 
present study, the eyes that ulcerated 
did show a leukocytic infiltrate, as 
expected (Fig 1). However, nonulcer- 
ated eyes were remarkably free of 
inflammatory cells at the end of the 
study (Fig 2). Collagenase-generated 
collagen breakdown products have 
been shown io be chemotactic for 
polymorphonuclear leukocytes.” 
Therefore, a reduction in the amount 
of these collagen fragments resulting 
from the anticəllagenase properties of 
the tetracycline could contribute to a 
reduced infiltration of the stroma by 
these inflammatory cells. Further- 
more, the nonulcerated corneas 
treated by tetracyclines showed a 
total loss of stromal keratocytes but 
no loss of stromal substance. This 
histologic finding indicates that colla- 
gen breakdown has been retarded by 
tetracycline therapy, and it is consis- 
tent with the hypothesis that the drug 
inhibits collagenase activity. While 
we did not undertake sequential histo- 
logic examinations of nonulcerated 
corneas, the concept that leukocytic 
invasion of the cornea might be inhib- 
ited by tetracycline is an intriguing 
one and sheuld be more fully 
explored. . 

Studies are currently under way to 
determine (1) the optimum dosage 
and route of administration of tetra- 
cycline to prevent corneal ulceration, 
(2) the effect of tetracycline on leuko- 
cyte chemotaxis and function, (3) the 
direct effect of tetracyclines on corne- 
al collagenase, and (4) the efficacy of 
other tetracyciines (ie, minocycline) 
in preventing corneal ulceration. 
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Systemic Aminocaproic Acid Reduces 


Fibrinolysis in Aqueous Humor 


David M. Loewy, MD; Patricia B. Williams, PhD; Earl R. Crouch, Jr, MD; William J. Cooke, PhD 


e Systemically administered aminoca- 
proic acid has been demonstrated to 
reduce the incidence of secondary hem- 
orrhage in traumatic hyphema. To directly 
determine the concentration of aminoca- 
proic acid in the aqueous humor, four 
groups of rabbits were studied following 
administration of four different regimens 
of intravenously administered aminoca- 
proic acid. Plasma and aqueous humor 
samples were assayed for drug content 
and antifibrinolytic activity. Peak aqueous 
humor concentrations of aminocaproic 
acid ranged from 2.5 to 33 mg/dL and 
varied according to the systemic dose 
administered. The antifibrinolytic activity 
paralleled the aminocaproic acid content, 
with a peak range from 310 to 683 s. 
These findings indicate a direct relation- 
ship between antifibrinolytic activity and 
the concentration of aminocaproic acid in 
aqueous humor. 

(Arch Ophthalmol 1987;105:272-276) 


I iraumatic hyphema is a sight- 
threatening injury. The incidence 
of secondary hemorrhage ranges from 
9% to 38% and carries an even poorer 





See also p 206. 





visual prognosis than the initial 
bleeding.'* Systemically administered 
aminocaproic acid has been demon- 
strated to reduce the incidence of sec- 
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ondary hemorrhage.^* Although ami- 
nocaproic acid is thought to inhibit 
intraocular fibrinolysis, the presence 
of this substance in the aqueous 
humor has not been demonstrated 
directly. 

Aminocaproic acid is a monoamino- 
carboxylic acid structurally similar to 
lysine with the exception of an alpha 
amino group. For fibrinolysis to occur, 
plasmin must bind to fibrin? This 
binding is dependent on exposed 
lysine-binding sites on the plasmin 
molecule. Aminocaproic acid binds to 
these sites, causing a conformational 
change in the plasmin and conse- 
quently inhibiting the binding of plas- 
min to fibrin.'^!! 

For aminocaproic acid to be effec- 
tive, it must be present to bind to the 
plasmin.'!! Theoretically, this occurs 
in the traumatized vessel in the ante- 
rior segment of the eye.**'* After sys- 
temic administration, aminocaproic 
acid must penetrate into the anterior 
segment of the eye and be present in 
suffieient concentrations to reduce 
fibrinolysis. The effectiveness of ami- 
nocaproic acid in reducing secondary 
hemorrhage is thought to be due to 
inhibition of fibrinolysis of the 
thrombus formed in the traumatized 
vessel. 

This study was undertaken to mea- 
sure directly the concentration of 
aminocaproic acid in the aqueous 
humor and to determine if a parallel 
reduction in fibrinolytic activity 
occurs. 


MATERIALS AND METHODS 
Animal Model 


White New Zealand rabbits (weight 
range, 3 to 4 kg) were separated into four 
groups: group 1 consisted of nine rabbits 
that received 50 mg/kg of aminocaproic 


acid in an intravenous bolus (0.5 mL); 
group 2, ten rabbits that received a 100 
mg/kg bolus; group 3, four rabbits that 
received a 50 mg/kg bolus followed by a 
constant infusion at 15 mg/kg/h; and 
group 4, three rabbits that received a con- 
stant infusion at 25 mg/kg/h. Plasma (2.7 
mL) and aqueous humor (0.3 mL) samples 
were collected at 15, 30, 60, 90, 120, 180, and 
240 minutes after injection. The constant 
infusions were administered with a 
syringe pump (model 355, Sage Instru- 
ments, Cambridge, Mass). Before perform- 
ing paracentesis to collect aqueous humor, 
we anesthetized the rabbits with ether and 
topical proparacaine (0.5% ). Aminocaproic 
acid was administered using a 23-gauge 
butterfly needle via the marginal ear vein. 
Blood was collected, using a suction tech- 
nique through a separate puncture site on 
the contralateral marginal ear vein, into 
standard blood-collecting tubes containing 
buffered sodium citrate (0.13 mol/L). 
Blood was allowed to stand in plastic cen- 
trifuge tubes for approximately two hours. 
Following centrifugation for four to five 
minutes at 7000 rpm, plasma was collected 
and divided into two samples, one for a 
high-performance liquid chromatography 
(HPLC) assay and the other for an antifi- 
brinolytic assay. The aqueous humor sam- 
ples were similarly divided when possible. 
Occasionally, insufficient aqueous humor 
to divide for both assays was obtained. 
This accounts for the discrepancy between 
the number of aqueous humor samples 
assayed by HPLC and the number for 
antifibrinolytic activity. All samples were 
stored at —10°C until the assays could be 
performed (usually within two to three 
weeks). Assay results were reported as the 
mean + SEM. 


Fibrinolytic Assay 


To measure antifibrinolytic activity, we 
used a modification of the clot dissolution 
method described by Paraskevas and asso- 
ciates.^ The major modifications were the 
elimination of streptokinase trials and the 
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use of 1:5 and £10 dilutions exclusively. 
Since the information provided by either 
the 1:5 or 1:10 dilution was similar, only 
the results of the 1:5 dilution are reported 
herein. Antifibrizolytic activity was mea- 
sured as the time (in seconds) required for 
complete clot dissolution. The baseline 
time for clot dissolution in the absence of 
aminocaproic acid was determined in plas- 
ma and aqueous humor samples and is 
reported in the :gures as antifibrinolytic 
activity at 0 minates. 


HPLC Assay for Aminocaproic Acid 


Apparatus.—Hizh-performance liquid 
chromatography was performed using a 
modification of the method of Farid." 
Equipment consisted of a dual-piston 
pump (LDC Cor», Riviera Beach, Fla), a 
pulse dampener (SSI Co, State College, 
Pa), and an injector (Model 7125, Rheodyne 
Corp, Cotati, Calif) fitted with a 50-uL 
loop. An analytic column (Sperisorb ODS, 
5 um, 4 X 150 mm [Applied Science, College 
Park, Pa]) was fitted with a precolumn 
packed with C13 reverse-phase material 
(CO:PELL, 35 um, Whatman Corp, Clifton, 
NJ). Materials eluting from the column 
were detected with a filter fluorometer 
(Moel FS950, Kratos Co, Vineland, NJ) 
with excitation at 280 nm and emission at 
418 nm. Data were recorded on a strip- 
chart recorder (Model 252A, Cole-Palmer 
Instrument Co, Chicago) and concomitant- 
ly collected ane stored for subsequent 
analysis with a laboratory computer con- 
taining a 23-bit analog-to-digital converter 

. (Model AM212, Techmar Corp, Cincinnati, 
Ohio) and approeriate software. 

Sample Preparation.—To 25 uL of plasma 
or aqueous humor was added the internal 
standard (25 uL ef w-aminocaproic acid, 80 
mg/dL) and 500 «L of ethanol in a 1.5-mL 
polypropylene microcentrifuge tube. The 
sample was centrifuged (7000 g for five 
minutes) and 390 uL of the supernatant 
material was transferred to a glass tube 
(13 X160 mm). Following evaporation to 
dryness under vacuum at 45?C (Vortex- 
Evaporator, Buchler Instrument Co, Fort 
Lee, NJ), the residue was resuspended in 
150 uL of sodium diphosphate (0.05 mol/L, 
pH 9.3), and 250 uL of fluorescamine (10? 
mol/L in acetonirile) was added with rap- 
id mixing. Twenty-five microliters of the 
solution was injected onto the chromato- 
graph. Standards were prepared for serum 
and aqueous humor for incorporation into 
each set of analyses. Estimation of amino- 
caproic acid content was based on the peak 
height ratio between e- and w-aminocapro- 
ic acid compared with the standards. The 
method was determined to be linear 
between 2 and 390 mg/dL. 

Chromatographic Conditions.— The mobile 
phase consisted ef acetonitrile and potassi- 
um diphosphate (20 mmol/L; pH, 3.0; vol/ 
vol, 37.5/762.5) and was delivered at a flow 
rate of 1.2 mL/nrn at room temperature. It 
was necessary to increase the buffer con- 
centration to obtain reproducible retention 
times for the compounds of interest and to 

-maintain adequate separation of these 
compounds from: coeluting material in the 
sample. 
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Fig 1.—Mean plasma (left) (n = 9) and aqueous humor (right) (n = 7) concentrations of 
aminocaproic acid following 50-mg/kg intravenous dose (group 1). Injection given at time O 


minutes. 
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Fig 2.—Mean plasma (left) and aqueous humor (right) antifibrinolytic activity following 50-mg/kg 
intravenous dose (group 1). To provide control values, baseline activity was determined in 
rabbits that underwent same experimental protocol but without aminocaproic acid administra- 
tion. These values are shown at time O minutes. Antifibrinolytic activity (seconds to clot 
dissolution) varies in proportion to aminocaproic acid concentration. 


RESULTS 


Systemically administered amino- 
caproic acid was directly detected in 
rabbit aqueous humor. It had an 
antifibrinolytic effect proportional to 
its concentration. In addition, the 
aqueous humor concentration was 
proportional to the plasma concentra- 
tion. 

In group 1 (50 mg/kg intravenous 
bolus), the plasma concentration 
peaked at 15 minutes (117 mg/dL) and 
subsequently decreased, as shown in 
Fig 1, left. The concentration of ami- 
nocaproic acid in aqueous humor 
peaked after approximately 45 to 90 
minutes following aminocaproic acid 


administration at a level of approxi- 
mately 13 to 14 mg/dL, lagged about 
30 minutes behind peak plasma con- 
centrations, and subsequently de- 
clined (Fig 1, right). Control values 
for antifibrinolytic activity were 
determined in rabbits that underwent 
the same experimental protocol but 
that did not receive aminocaproic 
acid; these values were 385 + 45 s for 
plasma and 275 +5 s for aqueous 
humor. These data are shown at 0 
minutes in Fig 2. Antifibrinolytic 
activity in the plasma sample also 
peaked at 15 minutes at a level of 1135 
s compared with the control (baseline) 
activity of 385 s. It appeared to 
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Fig 3.—Mean plasma (left) (n = 10) and aqueous humor (right) (n = 6) concentration of 
aminocaproic acid following 100-mg/kg intravenous dose (group 2). Injection given at time O 


minutes. 
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Fig 4.—Mean plasma (left) and aqueous humor (right) antifibrinolytic activity following 
100-mg/kg intravenous dose (group 2). To provide control values, baseline activity was 
determined in rabbits that underwent same experimental protocol but without aminocaproic acid 
administration. These values are shown at time O minutes. Antifibrinolytic activity (seconds to 
clot dissolution) varies in proportion to aminocaproic acid concentration. 


decrease until 120 minutes, at which 
time a second peak was observed (Fig 
2, left). Antifibrinolytic activity in 
aqueous humor peaked at about 45 
minutes (approximately 430 to 440 s), 
with a second peak at 180 minutes 
(approximately 490 s) compared with 
control (baseline) activity of 275 s (Fig 
2, right). In both plasma and aqueous 
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humor samples, there was still some 
antifibrinolytic activity present at 240 
minutes. 

Figure 3 (left) shows that in group 2 
(100 mg/kg intravenous bolus), the 
plasma concentration of aminocaproic 
acid peaked at 15 minutes, at a level of 
255 mg/dL, and declined in a manner 
similar to that in group 1. The aque- 
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ous humor concentration peaked at 30 
minutes, at a level of 33 mg/dL, lag- 
ging 15 minutes behind the peak plas- 
ma concentration; the concentration 
then steadily decreased (Fig 3, right). 
Figure 4, left, shows that antifibrino- 
lytic activity had one peak at 15 to 30 
minutes (1850 to 1900 s) and a second 
peak at 120 minutes (1500 s). Antifi- 
brinolytic activity in aqueous humor 
showed a small peak at 30 minutes 
(400 s) and then a decrease followed 
by a steady increase to 683 s (Fig 4, 
right). 

In group 3 (50 mg/kg intravenous 
bolus and a 25-mg/kg/h infusion), the 
plasma concentration peaked at 60 
minutes, at a level of 250 mg/dL. The 
aminocaproic acid concentration then 
dropped precipitously to 70 mg/dL at 
90 minutes and steadily increased to 
185 mg/dL at 180 minutes, as shown 
in Fig 5, left. In group 4 (25-mg/kg/h 
infusion), the plasma concentration 
peaked at 180 minutes, at a level of 35 
mg/dL, after a steady increase (Fig 5, 
left). 

Figure 6, left, shows that antifibri- 
nolytic activity peaked at 60 minutes 
at a level of 980 s, and again at 240 
minutes, at a level of 950 s, in group 3. 
Antifibrinolytic activity demonstrat- 
ed one peak at 90 minutes, at a level of 
640 s, and a second peak at 180 
minutes, at 570 s, in group 4 (Fig 6, 
left). 

The aqueous humor concentration 
peaked at 9.5 mg/dL, at 60 minutes, in 
group 3 (Fig 5, right). In group 4 the 
aqueous humor concentration peaked 
at 60 minutes, at 2.5 mg/dL, and 
remained fairly steady through 180 
minutes (Fig 5, right). 

Antifibrinolytic activity in aqueous 
humor showed little variation over 
180 minutes, remaining essentially 
unchanged at 430 to 440 s in group 3 
(Fig 6, right). In group 4, antifibrino- 
lytic activity in aqueous humor 
remained relatively steady from 60 to 
180 minutes at a level of 320 to 310s 
(Fig 6, right). 


COMMENT 


Complications increase following 
secondary hemorrhage from traumat- 
ic hyphema.''*!* The incidence of glau- 
coma increases to 50%, and there is a 
greater chance of corneal blood stain- 
ing and optic atrophy.*^" Secondary 
hemorrhage can potentially change a 
good prognosis to a poor visual result. 
Consequently, the goal of treatment 
in traumatic hyphema has been to 
decrease the rate of secondary hemor- 
rhage.^55/54$ 

In all of the study groups, aminoca- 
proic acid penetrated into the aqueous 
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humor. Concentrations were high 
enough to reduce ‘ibrinolysis. The 
time for clot dissclution (baseline 
activity) was less than that measured 
after the administration of aminoca- 
proie acid. Baselire activity was 
determined im rabbits (control 
groups) that umderwent the same 
experimental protocol but without 
administration ef aminocaproic acid. 
This was done to ascertain that the 
intravenous injection, administration 
of anesthesia, or manipulation of the 
eyes did not induce antifibrinolytic 
activity through the nelease of prosta- 
glandins or othe endogenous sub- 
stances. 

Group 2 (100 mg^kg intravenous 
.bolus) resembles the type of treat- 
ment that has »een used most fre- 
quently in the clinical setting.^** The 
aqueous humor concentration of ami- 
nocaproic acid was nct as high as that 
of the plasma and lagged behind in 
time. This resul: would be expected 
from what is currently known about 
aqueous humor secretion by the cili- 
ary body. Antfibrinolytic activity 
appeared to correlate with concentra- 
tion. However, a second peak in anti- 
fibrinolytic aetivity was noted at 90 to 
120 minutes following bolus injection. 
This second peak might have been due 
to an active metabol:te not detected 
by our HPLC asszy. This phenomenon 
could also be helpful clinically to 
maintain and tn prolong antifibrino- 
lytic activity between doses. 

Group 1 received a single 50 mg/kg 
dose of aminocaproic acid, or one half 
of the commonly used clinical dose. 
The pharmacokmetie results were 
very similar to those in group 2. One 
interesting and clinically relevant 
fact was that although the aqueous 
humor concentration ef aminocaproic 
acid was approximately one half of 
that reached in group 2, the rates of 
antifibrinolytie activity were almost 
the same. This may mean that a peak 
antifibrinolytie activity is achieved at 
a particular concentration and that a 
higher concentration does not in- 
crease the activity. The optimum con- 
centration of aminoeaproic acid in the 
aqueous humor te achieve the maxi- 
mal antifibrinolyfic effect has yet to 
be determined. 

Although aminoeaproic acid has 
been shown to be effective in decreas- 
ing the rate of secendary hemorrhage, 
it has not received widespread clinical 
acceptance. Crouch amd Frenkel ini- 
tially reported the use of aminocapro- 
ic acid in a prospective, randomized, 
eontrolled, doubie-masked clinical 
study. Patients treated with aminoca- 
proic acid in a dosage of 100 mg/kg 
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Fig 5.—Mean plasma (left) (n = 4) and aqueous humor (right) (n = 3) concentration of 


aminocaproic acid following 50-mg/kg intravenous bolus and 25 mg/kg/h constant infusion 
(group 3) (circles) and 25 mg/kg/h constant infusion (group 4) (squares). 
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Fig 6.—Mean plasma (left) and aqueous humor (right) antifibrinolytic activity following 50-mg/kg 
intravenous bolus and 25 mg/kg/h constant infusion (group 3) (circles) and 25 mg/kg/h 


constant infusion (group 4) (squares). 


every four hours for five days had a 
secondary hemorrhage rate of 3%, 
while placebo patients had a rate of 
33%. The efficacy of aminocaproic 
acid in reducing the incidence of sec- 
ondary hemorrhage in traumatic 
hyphema has been confirmed in two 
additional clinical studies*? and one 
animal model.’ An interesting point is 
that the rate of secondary hemor- 
rhage without the use of aminocaproic 
acid was very similar in all four 
studies (28% to 33%). The rate of 


secondary hemorrhage in those pa- 
tients who were treated with amino- 
caproic acid was also very similar (3% 
to 11%). These studies provide ample 
scientific evidence to support the use 
of this substance in traumatic hyphe- 
ma.'^? Considering the complications 
associated with secondary hemor- 
rhage, eg, optic atrophy, glaucoma, 
and corneal blood staining, treatment 
that significantly decreases the rate 
of secondary hemorrhage is clearly 
indicated. 
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The reason for the lack of accep- 
tance of aminocaproic acid for such 
treatment may be the reluctance to 
use a systemic medication with addi- 
tional side effects. Aminocaproic acid 
can cause nausea, vomiting, systemic 
hypotension, rash, thromboembolic 
events, and problems in patients with 
renal insufficiency. In the published 
scientific articles, few serious compli- 
cations have been reported in ophthal- 
mic patients.5*? Nausea and vomiting 
occur in up to 21% of patients, but 
these complications are usually con- 
trolled with antiemetics.’ The in- 
crease in intraocular pressure with 
vomiting could precipitate secondary 
hemorrhage. Palmer and associates” 
have demonstrated that with a 
decrease in dosage from 100 mg/kg 
every four hours to 50 mg/kg every 
four hours, hypotension and dizziness 


1. Thygeson P, Beard C: Observations on trau- 
matic hyphema. Am J Ophthalmol 1952;35:977- 
985. 

2. Rakusin W: Traumatic hyphema. Am J Oph- 
thalmol 1972;74:284-292. 

3. Edwards WC, Layden WE: Traumatic 
hyphema: A report of 184 consecutive cases. Am J 
Ophthalmol 1973;75:110-116. 

4. Read J, Goldberg MF: Traumatic hyphema: 
Comparison of medical treatment. Ophthalmolo- 
gy 1974;78:788-815. 

5. Crouch ER, Frenkel M: Aminocaproic acid 
in the treatment of traumatic hyphema. Am J 
Ophthalmol 1976;81:355-360. 

6. Read J, Crouch ER: Trauma: Ruptures and 
bleeding, in Duane TD (ed): Clinical Ophthalmol- 
ogy. New York, Harper & Row Publishers Inc, 
1983, vol 4, pp 1-17. 

7. Zimmerman NJ, Wilkinson AW, Colosanti 
BK: Epsilon aminocaproic acid treatment of 
experimentally induced hyphema in the rabbit. 
Invest Ophthalmol Vis Sci 1981;20(suppl):33. 





are significantly decreased without a 
loss of effectiveness. Nausea and vom- 
iting were the same for both groups. 

One way to circumvent the prob- 
lems of systemic side effects would be 
to apply aminocaproic acid topically. 
Topical application should markedly 
decrease systemic distribution and, 
thus, the possibility of systemic side 
effects. Topical application also 
allows the ophthalmologist to deliver 
the drug in a more familiar manner. 
One possible disadvantage of topically 
applied aminocaproic acid could be 
ocular surface side effects. A study in 
nonhuman subjects is indicated to 
determine the best vehicle and to rule 
out the possibility of ocular surface 
problems. 

Although aminocaproic acid has 
been indirectly demonstrated to be 
present in the anterior chamber,” to 
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our knowledge, this is the first study 
in which this compound has been 
directly determined to be in the ante- 
rior chamber after systemic adminis- 
tration. We found that aminocaproic 
acid directly accumulates in aqueous 
humor after systemic administration 
in a dose-dependent manner. The con- 
centration of aminocaproic acid 
achieved in the aqueous humor signif- 
icantly inhibited fibrinolysis. 


This investigation was supported in part by 
the Lions’ Eye Bank and Research Center of 
Eastern Virginia. 

None of the participating authors has any 
proprietary, commercial, or financial interest in 
aminocaproic acid. 

The authors wish to thank James Merritt and 
Julie Leafe for their technical assistance and 
Cynthea Carlton, Joan Zanella, and Elizabeth 
Foushee for typing the manuscript. 
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Photo Essay 


Edited by Malcolm N. Luxenberg, MD 


Magnetic Resonance Imaging Diagnosis 


of Hepatolenticular Degeneration 


À 35-year-old woman had acute 
onset of difficulty writing fol- 
lowed over the next three months by 
slurring of speech, tremor, ataxia, and 
difficulty reading. A diagnosis of 
chronic hepatitis and atypical multi- 
ple sclerosis was made. 

When she was seen for ophthalmo- 
logic examination, dysarthria, severe 
ataxia, and intention tremor were 
noted. Visual acuity was 20/20 OU. 
Bilateral Kayser-Fleischer corneal 
rings were seen (Fig 1), but no lens 
abnormalities were present in either 
eye. Ocular matility showed cogwheel 
pursuit and decreased convergence 
amplitudes (near point convergence, 
16 cm), as well as a deficit of accom- 
modation in each eye. Magnetic reso- 
nance imaging scan revealed abnor- 
mally high signal values in the basal 
ganglia and the periaqueductal region 
(Figs 2 and 3), as described in hepato- 
lenticular degeneration (Wilson’s dis- 


Fig 1.—Biomicroscopic photograph showing 
deep cornea! infiltration of copper-containing 
granules at level of Descemet’s membrane. 
Demarcation line represents central edge of 
Kayser-Fleischer ring in left cornea (arrow- 
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ease).! However, the correct diagnosis 
was not established until the ophthal- 
mologic examination was performed. 


COMMENT 


Hepatolentieular degeneration is a 
rare condition? and is inherited as an 
autosomal-recessive trait. 

The important ophthalmologic 
signs seen with this disease are the 
Kayser-Fleischer corneal ring and 
sunflower cataract. They are caused 
by deposition of electron-dense gran- 
ules of copper in Descemet’s mem- 
brane? and the anterior and posterior 
lens capsule. Other ocular findings 
include nystagmus, saccadic and pur- 
suit gaze abnormalities, and defects of 
convergence and accommodation.‘ 

It is important to establish a diag- 
nosis of hepatolenticular degenera- 
tion early, as early treatment with 
D-penicillamine minimizes perma- 
nent sequelae. The pathogenesis of 


Fig 2.—Axial spin-density magnetic reso- 
nance image taken through caudal mesen- 
cephalon periaqueductal region of brain stem, 
showing typical finding of increased signal 
(arrow), as encountered in hepatolenticular 
degeneration. 





hepatolenticular degeneration is ex- 
cessive deposition of copper in 
involved tissues, but the exact bio- 
chemical mechanism is unknown.’ 
The periaqueductal lesion best 
explains this patient’s convergence- 


accommodation defect. 
Joun A. McCrary III, MD 
Houston 
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Fig 3.—Spin-density magnetic resonance 
image slice, showing increased signal 


encountered in basal ganglia (arrow). 
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New Instruments 





Surgical Instrumentation Cart 


CDR Paul A. Blacharski, MC, USN, Steven T. Charles, MD 


@ We describe the design of a surgical 
equipment/instrumentation cart that 
provides accessibility, mobility, conve- 
nience, conservation of floor space, and 
efficient use of vertical air space. This 
multiple-shelf cart allows organization 
and coordination of multiple pieces of 
equipment. The attached working shelves 
replace the multiple Mayo stands and free 
up needed floor space. This cart provides 
for easy storage and unnecessary move- 
ment of equipment and potential damage. 
The power strips on the rear of the cart 
eliminate the multiple electrical cords and 
potential injury to operating personnel 
and equipment malfunction. 

(Arch Ophthalmol 1987;105:278-279) 


ith the increased instrumenta- 

tion required for vitrectomy and 
other ophthalmic procedures, organi- 
zation and availability of equipment 
can markedly affect the outcome of a 
case from several standpoints. First, 
the accessibility to equipment allows 
surgical support personnel to set up 
quickly and provide changes in equip- 
ment settings on request. Availability 
eliminates confusion and disruption 
during surgery when more instru- 
ments are called for. Organization is a 
necessity when coordinating the con- 
soles of the various instruments. The 
multiple shelves on the cart eliminate 
the “piling” or "stacking" of instru- 
ments that lends to equipment insta- 
bility and potential damage. 


Accepted for publication Oct 6, 1986. 
From the Vitreoretinal Service, Naval Hospi- 
tal, San Diego (Dr Blacharski); and the Depart- 


, mient of Ophthalmology, University of Tennessee 
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vice, Memphis (Dr Charles). 
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The use of the vertical air space 
preserves limited floor space, espe- 
cially in smaller operating rooms. 
Further steps to enhance floor space 
are elimination of the Mayo stands by 
attaching a working shelf on movable 
brackets that can be rotated into the 
cart when the shelf is removed. In 
addition, an additional Mayo stand is 
mounted on the side of the cart and is 
placed over the patient during surgery 
to hold various instruments and to 


Fig 1.— Cart is 60 X 60 X 180 cm. Shelf A on 
right is adjustable for height and will extend 
over patient during surgery; shelf B is console 
work shelf; drawer C is for storage of various 
tubing, and so on. D indicates bipolar cautery; 
E, vitrector; F, fragmentor; G, power gas 


injector; H, diathermy and light source; |, air 
pump; J, intravenous pole; and K, indirect 
ophthalmoscope. 


provide an anesthesia work space 
between the patient and drape. 

The purpose of this report is to 
describe the design of a surgical 
equipment/instrument cart that pro- 
vides accessibility, mobility, conve- 
nience, conservation of floor space, 
and efficient use of vertical air space 
(Fig 1). This cart has multiple shelves, 
with the most frequently used equip- 
ment at a working level of approxi- 
mately 90 cm from the floor. The 


Fig 2.—Front work shelf has been removed 
and brackets folded in. Side shelf has been 
rotated under vitrectomy console for stor- 
age. 
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multiple-shelf lb icant reduces the 
likelihood of equipment instability 
caused by the stacking of equipment, 
although we have placed the lens frag- 
mentor directly on the vitrectomy 
console, as this is part of the original 
design. The bottom shelf is for storage 
of the various foot pedals. The next 
shelf up is for the bipolar cautery 
unit. Beneath this shelf is a drawer 
for storage of various tubing for the 
above-mentioned instruments (Fig 1). 
The next shelf up is for the vitrectomy 
console and immediately above this is 
the ultrasonic fragmentor. Attached 
to the cart is a shelf to provide work 
space and accessibility to the various 
hand pieces far the vitrector, frag- 
mentor, air machine, gas injector, and 
diathermy units. This shelf is remov- 
able, and the supporting brackets 
swing into the eart for storage (Fig 2). 
The solid stainless steel shelf can be 
covered easily with a plastic Mayo 
stand cover or other sterile covering 


and placed on the brackets. 

The shelf above the vitrectomy/ 
fragmentor units is for the gas injec- 
tor, diathermy, light source, and air 
pump. Above this is a storage shelf, 
eg, for the indirect ophthalmoscope. 
Multiple-plug power strips are 
mounted on the rear of the shelves. 
Power cords are coiled on the rear 
portion of the shelf and secured with 
nylon wire straps. On the rear corner 
is mounted an intravenous pole that 
can be elevated or lowered; this would 
be used for contact lens and perfusion 
fluids. There is one power cord and 
one hose with compressed nitrogen 
coming to the cart eliminating multi- 
ple power cords, and so on, on the 
floor. It reduces the risk of contami- 
nation of equipment and disruption of 
power from people tripping on cords. 
The cart-mounted console work shelf, 
over-the-patient instrument tray, and 
intravenous pole reduce floor-based 
stands providing increased floor 
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Psychosis 


space. The cart can be covered at the 


end of the day for protection. The rack 
can be moved providing quick access 
to the patient should the need arise. 
This is in contrast to an over-the- 
patient design that can be hazardous 
when patient access is crucial. This 
cart can be constructed from standard 
storage racks that most operating 
rooms use. The cart is commercially 
available, as shown in the figures. Its 
dimensions are 60 X 60 X 180 cm. The 
wheels are 15 cm in diameter, two of 
which are capable of locking and swiv- 
eling. 

This type of organization reduces 
needless confusion during surgery and 
therefore reduces operating time. It 
allows a smoothly orchestrated proce- 
dure with efficient use of time. 


This cart is available through Kreager Busi- 
ness Systems, Inc, 3625 Air Park St, Memphis, 
TN 38118. 

The authors have no commercial, proprietary, 
or financial interests in this product. 


The Association Between Eye-Tracking Dysfunctions and Thought Disorder in 


| Carla M. Solomon, PhD; Philip S. Holzman, PhD; Smadar Levin, PhD; Howard J. Gale 
l (Arch Gen Psychiatry 1987;44:31-35) 


Abnormal Rapid Eye Movement Latencies in Schizophrenia 
l Vincent P. Zarcone, Jr, MD; Kathleen L. Benson, PhD; Philip A. Berger, MD (Arch Gen 
| Psychiatry 1987;44:45-48) 
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At Bausch & Lomb; we understand that noncompliance 
is one of the b 3gest headaches afflicting today's eye 
care professional. 


This probiem i= especially serious when it comes to 
enzymatic cleening. A nationally projectable survey* 
has revealed that 44% of extended wear patients and 
36% of daily wear patients currently fail to use an 
enzymatic clemer regularly. 


Of course, most enzymatic cleaners give your patients 
some headaches of their own: they add another step to 
the eye care regimen, and can take up to two hours to 
use. Throw in eir unpleasant odor, and it's no wonder 
there's a compliance problem. 


In response, Bausch & Lomb announces the RENU 
family of enzyraatic-cleaners...with a level of conve- 
nience designed tc provide quick relief for compliance 
headaches. 


RENU The-mel 
A brea«throuch process allowing 
protein removal and thermal disinfection 
in one easy step. 

. With clinically proven RENU 
Thermal Enzymatic Cleaner, 
protein removel just couldn't 
be easier 


The patient jue draps one RENU 
tablet into eack wel! of the lens case, 
then disinfectszas usual. RENU Thermal 
can be used wath ail leading heat disinfection units. For 
optimum speed and convenience, recommend the 
Bausch & Lomb low-temperature heat unit—it takes 
less than 30 rr nutes. 
Either way, the process is fast and simple. When the 
heat unit's cyce is complete, the lenses are disinfected 
and free of prctein deposits. 

- Without the long wait. Without any unpleasant odors. 
And without a separate step. 
Plus, to maxirze patient compliance, each package of 
RENU contains an enzymatic cleaning calendar to 
encourage regular enzymatic cleaning. 
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Enzymatic 
Cleaners 
from 
Bausch & Lomb. 


RENU Effervescent 
Odorless protein removal in 
only 15 minutes. ek 


Fast-acting RENU Effervescent wee 
Enzymatic Cleaner is designed & E 
to increase compliance among "^ «= J 
patients using either chemical 

or heat disinfection. 


It is 100% free of unpleasant -— 
odors. And it's easy to use. Patients simply fill the 
supplied vials with saline, dissolve a RENU tablet in 
each, then insert their lenses to soak. 


In only 15 minutes, the process is complete—making 
RENU Effervescent the only enzymatic cleaner 
approved for all types of soft contact lenses that works 
this quickly. 

And, like RENU Thermal Enzymatic Cleaner, RENU 
Effervescent contains an enzymatic cleaning calendar in 
every package. 


Better lens care means healthier 
lens wear. 


The superior speed and simplicity of RENU Enzymatic 
Cleaners mean greater patient satisfaction. Greater 
patient satisfaction means increased patient compli- 
ance. And greater compliance means cleaner lenses 
and healthier eyes. 

So recommend RENU Enzymatic Cleaners today...and 
enjoy fast relief for compliance headaches. 

For a complete information package on RENU 
Enzymatic Cleaners, call Bausch & Lomb toll free at 
1-800-828-9030 in the continental U.S.; 1-800-462-1720 
in New York State; 1-800-828-6291 in Alaska and Hawaii. 


BAUSCH 2 LOMB 


Because your patients’ eyes are so important. 





* Data on file at Bausch & Lomb. 


© Bausch & Lomb Incorporated, 1987. 
All rights reserved worldwide. 
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OPPORTUNITY #1 


Is located at the base office and features: 
































new outpatient surgical center. 











Both opportunities offer: 


e Affiliation with the largest practice in the area 





e Association with a progressive, ethical practice 





e Excellent public and private schools 
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Monthly Magazine 


(One year's subscription, 12 issues) 
$32 for individuals, libraries and 
institutions ($46 for forelgn) 


$16 for residents, fellows and 
students ($30 for foreign) 


























e Anoutstanding staff which includes 4 opthalmologists, 1 optometrist, 
1 orthoptist, 1 certified opthalmic technologist, and 14 certified e An established practice located adjacent to a modern 200 bed 





CENTRAL MICHIGAN 


455 OPH 





High volume surgical group based in a progressive community of 90,000 servicing over 500,000 central Michigan residents has an immediate opening for 


OPPORTUNITY #2 


Is located in an attractive college community less than 30 minutes from 


the base office and features: 


refractionists hospital 
e Modern, well-equipped 18,000 square foot office building located e Modern, fully-equipped office with four lanes and an experienced 
near a 300 bed hospital offering state-of-the-art equipment and a staff 


e Easy access to Grand Rapids, Saginaw, and East Lansing. 


e Highly competitive compensation and benefit package leading to full partnership 


Jim Farrar 
Director, Physician Placement 
VHA Physician Placement Services 
1600 Embassy Square Blvd, Suite 1605 
Louisville, KY 40299 
Call Toll Free 1-800-626-1857 
(in Kentucky) 1-800-292-1856 


VEFA. 


Physician Placement Services 
Voluntary Hospitals of America, Inc. (VHA) 


All inquiries will be held in strict confidence. There is no fee nor obligation for our service. 


OCULAR /Rasourees 


REVIEW 


Our monthly magazine features a handy 
check-out form for easy materials access. 
Our new disk series, "O.R.R.," allows 
storage and retrieval in your specialized 
area of interest on a monthly basis. 





The choice is yours. Either way, you'll have 
all the ophthalmological information you 
need, right at your fingertips! With Ocular 
Resources Review, you can start building 
your own personal reference library. 


Send Check or money 
order to: 


Ocular Resources Review 
P.O. Box 405 
Des Plaines, Ill. 60016-0405 


Or call (312) 823-1204 











e Outstanding recreational activities including cross-country skiing, down hill skiing, boating, fishing, golfing, and camping. 


The preferred candidate will be BE/BC in ophthalmology and surgically oriented. Preference will be given to those candidates who can start before 
August 1, 1987. If you are interested in learning more about this or other openings in the VHA system, simply forward your curriculum vitae to: 
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"O.R.R." Disk Program 


(One year's subscription, 12 disks) 


$36 for individuals, libraries and 
institutions ($50 for foreign) 


$18 for residents, fellows and 
students ($34 for foreign) 
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Enhance Your Diagnostic Skills... - 


LABORATORY DIAGNOSIS 
IN OPHTHALMOLOGY 


Editor: Zeynel A. Karcioglu, M.D., Tulane Medical Center 


Directed toward the specific needs of both ophthalmology, pathology, and clinical 
pathology residents and practitioners, this new book clearly explains those labora- 
tory procedures that supplement clinical and radiologic observations in reaching a 
diagnosis. A step-by-step procedure manual, Laboratory Diagnosis in Ophthalmol- 
ogy fully covers the majority of tests utilized during the clinical practice of ophthal- 
mology. All the chapters give brief descriptions of the principles and techniques of 
laboratory procedures and then discuss in detail their indications and interpreta- 
tons. Further, where possible, the accuracy of the method is assessed and the 
sources of error (technical and clinical) are summarized. Concise accounts of the 
etiologic, epidemiologic, and clinical aspects of disease are discussed where nec- 
essary for a thorough understanding of laboratory diagnosis. 


CONTENTS AND CONTRIBUTORS: 

Tissue Diagnosis: Eyelid and Conjuctiva, R. Jean Campbell, M.B., Ch. B. 
Tissue Diagnosis: Orbit, Zeynel A. Karcioglu, M.D. 
Tissue Diagnosis: Intraocular Tumors, Zeynel A. Karcioglu, M.D., and Barrett G. Haik, M.D. 
Immunopathologic Diagnosis, /. David Ormerod, M.D., Delia N. Sang, M.D., and 
Clive R. Taylor, M.D., Pb.D. d 
The Anterior Segment Cytopathology, Susan Stenson, M.D. 
Intraocular Cytopathology, Jeremy Chess, M.D., and Quincy Chess, M.D. 
Diagnostic Electron Microscopy, Curtis E. Margo, M.D., and Zeynel A. Karcioglu, M.D. 
Microbiologic Diagnosis: Bacteriology, Michael S. Insler, M.D., and Mary K. Johnson, Ph.D. 
Microbiologic Diagnosis: Virology, Jang, O. Ob, M.D., Ph.D. 
Microbiologic Diagnosis: Mycology, Curtis E. Margo, M.D., and Jobn H. Brinser, BA. 
Laboratory Tests in Diagnosis of Uveitis, James A. Parker, M.D., and Robert A. Nozik, M.D. 
Biochemical Tests, Peter R. Kastl, M.D., Ph.D. 
Hematologic Tests, Steve M. Covington, M.D., Donald R. May, M.D., and Zeynel Karcioglu, M.D. 
Endocrine Tests, Kathleen L. Rives, M.D. 

" Laboratory Tests in Neuroophthalmology, Michael Wall, M.D. 
Index. 





19857 . 320 pages | O-02-362830-8 illustrated — $65.00 


Een Bapt wn. Me clip and mail today— — — — — — — — — — 











To charge by phone to your VISA | MACMILLAN PUBLISHING COMPANY 866 3rd Avenue, New York, NY 10022 
or Master Card call toll-free | Att: Medical Books Dept. 
1. 800- 2 57 E 575 5 | — Please send me copy(ies ) of Laboratory Diagnosis in Ophthalmology, edited 
* E: | by Zeynel A. Karcioglu, M.D. (0-02-362830-8). ($65.00. If I'm not completely 
(In NJ, AK, or HI dial direct | satisfied, I may return the books(s) within 30 days for a full refund. 
1-609-461-6500.) | [D Enclosed is my check or money order (1 include sales tax where required.) 
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Continuing Medical Education 





Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities 

| for inclusion in the list free of charge. The list contains such basic information on CME 
offerings as title of CME activity, sponsor, topic, dates and place where activity will occur, 
and number of hours of instruction. The number of CME category 1 credits will be listed 
wherever possible. Readers are encouraged to contact the accredited sponsor for more 


detailed information. 


ARIZONA 


Thirteenth Ann Frontiers in Ophthalmol Sem At: 
Scottsdale Dates: 2/19/87 to 2/21/87 Hrs Instr: 
15 (AMA & CMA cat 1) Sponsors: Prentice 
Eye Inst & St Luke’s Med Ctr Contact: Chris- 
tine Campbell, St Luke’s Med Ctr, 1800 E Van 
Buren, Phoenix 85006; (602)947-7756 


CALIFORNIA 


Visions in Ophthalmol 1987 At: La Jolla Date: 
3/20/87 Hrs Instr: 6 Reg Fee: $75 Sponsors: 
Scripps Mem Hosp & Mericos Eye Inst Con- 
tact: Nomi Feldman, Conf Coordinator, 3770 
Tansy St, San Diego 92121; (619)453-6222 


Retina Workshops At: Palm Springs, Carmel 
Valley Dates: 3/5/87 to 3/7/87, 4/2/87 to 4/ 
4/87 Contact: Howard Schatz, MD, 390 Laurel 
St, San Francisco 94118; (415)921-4860 


The Visually Impaired Child (O to 7 Years) At: 
Universal City Dates: 3/6/87 to 3/7/87 Con- 


tact: Katharine Seibert, Conf Coordinator, The 
Blind Childrens Ctr, 4120 Marathon St, PO Box 
29159, Los Angeles 90029-0159; (213)664-2153 


Seventh Ann Mtg of Am Soc for Laser Med & 
Surg At: San Francisco Dates: 4/11/87 to 
4/13/87 Contact: Am Soc for Laser Med & 
Surg Inc, 813 Second St, Suite 200, Wausau, WI 
54401; (715)845-9283 


COLORADO 


Aspen Corneal Soc Mtg At: Snowmass Dates: 
2/21/87 to 2/28/87 Contact: Mitchell Fried- 
laener, MD, Div of Ophthalmol, Scripps Clinic 
& Res Found, 10666 N Torrey Pines Rd, La 
Jolla, CA 92037 


Current Concepts in Ophthalmol At: Vail Dates: 
3/14/87 to 3/21/87 Hrs Instr: 30 Reg Fee: $450, 
$350 residents in training Course Dirs: Walter 
J. Stark, MD, Ronald G. Michels, MD Contact: 
Diane Heydinger, CME, The Wilmer Inst, 


SEVENTH ANNUAL MEETING 
AMERICAN SOCIETY FOR 
LASER MEDICINE AND SURGERY 


APRIL 11 - 13, 1987 
SAN FRANCISCO, CALIFORNIA 


Scientific specialty sessions including 
the latest developments in laser applications 
and research in ophthalmology. 


APRIL 10, 1987 
INTRODUCTION TO LASER BIOPHYSICS 


Sponored by: 


American Society for Laser Medicine 
and Surgery, Inc. 
813 Second Street Suite 200 
Wausau, Wisconsin 54401 
(715) 845-9283 





Turner 22, 720 Rutland Ave, Baltimore, MD 
21205; (301)955-6046 


DISTRICT OF COLUMBIA 


World Congress on the Cornea lll Mayflower 
Hotel Dates: 4/26/87 to 5/1/87 Reg Fee: $350, 
limited to 500 persons Sponsor: Castroviejo 
Society Contact: Thomas M. Driscoll Ine (res- 
ervations & deposits), Conf Management, 520 
N Capitol St NW 20001 


FLORIDA 


Current Concepts in Ophthalmol/Otolaryngol 
Update At: Boca Raton Dates: 3/5/87 to 3/7/87 
Contact: Jennifer A. Bonnett, Asst Dir, Flori- 
da Midwinter Sem, 1133 W Morse Blvd, Suite 
201, Winter Park 32789; (305)647-8839 


Clin Vision Res: Epidemiologic & Biostatistical 
Approaches At: Longboat Key Dates: 4/29/87 
to 5/2/8' Hrs Instr: 24 Reg Fee: $650 Sponsor: 
Natl Eye Inst Contact: C. M. Beinhauer, Conf 
Management Assoc Inc, 127 Brook Hollow, 
Hanover, NH 03755; (603)643-2325 


Symp/25th Anniversary of the Bascom Palmer 
Eye Inst At: Miami Beach Dates: 2/19/87 to 
2/21/87 Hrs Instr: 16.5 Reg Fee: $400, $200 
residents and fellows Contact: CME, PO Box 
610326, Miami 33261; (305)326-9099 


Internatl Soc for the Electrophysiology of Vision 
(ISCEV) Symp At: Sarasota Dates: 4/26/87 to 
4/30/87 Contact: William Biersdorf, MD, Dept 
of Ophthalmol, Univ of South Florida, 13000 N 
30th St, Tampa 33618, or William W. Dawson, 
MD, Dept of Ophthalmol, Univ of Florida, Box 
J-284 JHMHC, Gainesville 32610 


(Continued on p 286.) 
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CHRISTIAN OPHTHALMOLOGY SOCIETY 


ELEVENTH ANNUAL MEETING 
June 11-14, 1987 
Ommi International Hotel 
Norfolk-Virginia Beach, Virginia 


Hebrews 10.25 Proverbs 9.10 


Doctor, we believe you and your family will really enjoy the eleventh annual Christian Ophthalmology 
Meeting to be held in Ommi International Hotel. This will feature quality scientific presentations as well as 
spiritual talks presented by practicing ophthalmologists. Scientific faculty for this meeting includes: 


John G. Clarkson, M.D. Lasers in Ophthalmology 

John A. Costin, M.D. Ophthalmic Surgery 

Forrest D. Ellis, M.D. Pediatric Ophthalmology Update 
Bradley K. Farris, M.D. Neuro-imaging 

William T. Humphrey, M.D. Vitrectomy & Diabetic Retinopathy 
John P. Shock, M.D. Intraocular Foreign Bodies 

J. Lawton Smith, M.D. Optic Nerve Update 1987 

Scheffer C. G. Tseng, M.D. Ocular Surface Disorders 

Thomas O. Wood, M.D. Chronic Ocular Irritation Syndromes 


The Christian 9phthalmology Society is an international group of eye surgeons featuring an annual meeting with scientific papers 
as well as spiritual presentations. Goals of this society include: (1) to develop unity and friendship among ophthalmologists; (2) to 
encourage medical students, house officers, and fellows; (3) to support physicians' faith in Christ regardless of denominational 
background; (4) to have meetings with emphasis on the family so that all family members will feel at home and enjoy the 
surroundings; (5) to develop new professional acquaintances and get to know the families of colleagues; (6) to cooperate with and 
pray for missionary ophthalmologists. Special facilities are available for children and good Bible teaching and sharing meetings are 
held for spouses. 


Registration for practitioners is $150.00 per family. Medical students, residents, fellows and medical missioners can come for 


$25.00. Make checks to ACOM and mail to Christian Ophthalmology Meeting, c/o Dr. William T. Humphrey, 905 Redgate Ave., 
Norfolk, Virginia 23505. 


FURTHER INFORMATION CAN BE OBTAINED BY CONTACTING: WILLIAM T. HUMPHREY, M.D., ARRANGEMENTS 
CHAIRMAN, S05 REDGATE AVE., NORFOLK, VIRGINIA 23505. 


A special invitation is extended to medical students, house officers, and fellows. A limited number of grants of 
$300.00 each-are provided along with waiving of registration fees, and this also extends to medical missionaries or 
anyone in need. To apply for such a grant, write: Walter T. Parkerson, M.D. Treasurer, Christian Ophthalmology 
Society, Suite 404, 225 Hawthorne Lane, Charlotte, N.C. 28204. 
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Oculoplastic Cadaver Dissection Course At: 
Tampa Dates: 2/26/87 to 2/28/87 Course Dir: 





E J. Justin Older, MD Contact: Roger J. Gstal- 
A der, MD, Dept of Ophthalmol, Univ of South 
E Florida Coll of Med, Box 21, 12901 N 30th St, 
Tampa 33612; (813)974-3170 
F- 


^ GEORGIA 


Med Retinal Workshop At: Atlanta Dates: 2/ 


be 20/87 to 2/21/87 Hrs Instr: 10.5 Reg Fee: $350 
E Prgm Dirs: Travis A. Meredith, MD, Henry J. 
j Kaplan, MD, Paul Sternberg, MD Contact: 
F Marianne Jackson, CME, Emory Eye Ctr, First 
; Floor, 1327 Clifton Rd NE, Atlanta 30322; 
e 3 (404)321-0111, ext 3433 


HAWAII 


Third Ann Midwinter Sem At: Waikiki Dates: 
3/2/81 to 3/4/87 Hrs Instr: 1 (AMA cat 1), 12 
(Univ of Hawaii & Hawaii Ophthalmol Soc) 
Reg Fee: $350 Contact: HOSMWS 87, 3578 
Pahoa Ave, Honolulu 96816-2265; (800)341- 





1950, ext 44 
È ILLINOIS 
F Clin Challenges Day At: Chicago Date: 3/4/87 
F Hrs Instr: 6 Reg Fee: None Course Dir: Steven 
E Pollack, MD, Contact: Sue Talbert, CME, Univ 
i of Illinois, 912 S Wood St, Second Floor N, 


Chicago 60612; (312)996-8025 
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KENTUCKY 


Townes Symp At: Louisville Dates: 3/13/87 to 
3/15/87 Speaker: M. Bruce Shields, MD Con- 
tact: Arthur H. Keeney, MD, Dept of Ophthal- 
mol, Univ of Louisville, 301 E Muhammad Ali 
Blvd, Louisville 40202; (502)588-5466 


MARYLAND 


Third Ann Univ of Maryland Contact Lens Symp 
At: Baltimore Dates: 3/19/87 to 3/21/87 
Course Dir: Barry M. Weiner, OD Contact: 
Prgm of CME, Univ of Maryland Sch of Med, 
10 S Pine St, Baltimore 21201; (301)528-3956 


MASSACHUSETTS 


Solving External Disease Problems At: Boston 
Date: 3/14/87 Sponsors: Harvard Med Sch, 
Massachusetts Eye & Ear Infirmary Hrs Instr: 
8 Contact: Harvard Med Sch, Dept of CME, 
Boston 02115; (617)732-1525 


Sixteenth Ann Course in Prac Aspects of Photo- 
coagulation At: Boston Dates: 3/19/87 to 3/ 
21/8' Hrs Instr: 16 (cat 1) Reg Fee: $450 full 
course, $250 didatic session only Sponsors: 
Eye Research Inst of Retina Found & Postgrad 
Med Inst Contact: J. Wallace McMeel, MD, c/o 
J. Cerone, 100 Charles River Plaza, Boston 
02114; (617)523-7810 


MICHIGAN 


Ophthalmol Basic & Clin Rev Course At: Detroit 
Dates: 3/12/87 to 3/17/87 Hrs Instr: 42 Reg 
Fee: $550 practicing phys, $400 residents & 
fellows Contact: CME, Kresge Eye Inst of 
Wayne St Univ Sch of Med, 4-H Univ Health 
Ctr, 4201 St Antoine, Detroit 48201; (313)571- 
1180 
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MINNESOTA 


Current Concepts in Pediatric Ophthalmol & 
Strabismus At: Minneapolis Dates: 4/6/87 to 
4/7/87 Contact: Audrey Chan, Registrar, 
CME, Univ of Minnesota Med Sch, Box 202, 
Univ of Minnesota Health Ctr, 420 Delaware St 
SE, Minneapolis 55455; (612) 626-5525 


NEVADA 


Am Soc of Contemporary Ophthalmol At: Las 
Vegas Dates: 3/15/8' to 3/20/87 Contact: John 
G. Bellows, MD, PhD, 211 E Chicago Ave, Suite 
1044, Chicago, IL 60611; (312)787-3335 


NEW YORK 


Basic Clin Immunology for the Ophthalmologist 
At: New York Date: 2/21/87 Contact: Martha 
Klapp, Manhattan Eye, Ear & Throat Hosp, 
210 E 64th St, New York 10021; (212)605-3762 


Ann Live Ophthalmic Plastic Surg Workshop At: 
New York Dates: 3/6/87 to 3/7/87 Contact: 
Martha Klapp, Manhattan Eye, Ear & Throat 
Hosp, 210 E 64th St, New York 10021; (212)605- 
3162 


Basic Subjects in Ophthalmol At: New York 
Dates: 3/9/87 to 3/14/87 Hrs Instr: 48 (cat 1) 
Reg Fee: $500, $300 residents & fellows Spon- 
sor: The Post Graduate Inst Contact: Jane 
Stark, Registrar, The Post Graduate Inst, New 
York Eye & Ear Infirmary, 310 E 14th St, New 
York 10003; (212)598-1430, 598-1313 


Mtg of New York Soc of Clin Ophthalmol Wal- 
dorf Astoria Hotel At: New York Date: 3/14/87 
Contact: Francine Leinhardt, Coordinator, 
Manhattan Eye, Ear & Throat Hosp, 210 E 


(Continued on p 287.) 


UVEITIS UPDATE—1987 


LENOX HILL HOSPITAL 
Department of Ophthalmology 


New York City, New York 


April 2nd & 3rd, 1987 


Since our last Uveitis Update in 1983, a geometric expansion of information has occurred. 
New understanding in the pathogenesis, improved diagnostics, but especially innovative 
approaches to the medical and surgical management of uveitis have moved center stage. 
Clinical applications of these recent advances will be presented by an outstanding panel. 


A partial list of the topics to be covered: 


Role of S-Antigen in Uveitis 
Cyclosporine Update 

IOL's and Post-Operative Inflammation 
Indications for IOL's in Uveitis 


Immunology in Uveitis 


Robert S. Coles, M.D. 
William J. Dinning, M.D. 
Alan H. Friedman, M.D. 
Henry J. Kaplan, M.D. 
Maurice H. Luntz, M.D. 


TUITION: $350.00 
CME CREDITS: 16 Category | 


Panel: 





Bromocriptine 
Lensectomy/Vitrectomy 
Uveal Syndromes 
Treatment Modalities 


Robert A. Nozik, M.D. 
Robert B. Nussenblatt, M.D. 
Alan Palestine, M.D. 

Ronald E. Smith, M.D. 
Jeffrey L. Willig, M.D. 


Residents: $100.00 


Contact: Lori Dioszeghy 
(212) 439-2385 





(Continued from p 286.) 
64th St, New York 10021; (212)838-9200, ext 
2776 


Degenerative Diseases of the Retina: Diagnosis, 
Prognosis & Treatment At: New York Date: 
3/21/87 Contact: Martha Klapp, Manhattan 
Eye, Ear, & Throat Hosp, 210 64th St, New 
York 10021; (212)605-3762 


Uveitis Update 1987 At: New York Dates: 4/2/87 
to 4/3/87 Hrs Imstr: 16 (cat 1) Reg Fee: $350, 
$100 residents Sponsor: Dept of Ophthalmol, 
Lenox Hill Hesp Contact: Lori Dioszeghy; 
(212)439-2385 


Basic Microsurgery At: New York Date: 4/4/87 
Contact: Martha Klapp, Manhattan Eye, Ear, 
& Throat Hosp, 210 E 64th St, New York 10021; 
(212)605-3762 


Vitrectomy in Anterior & Posterior Segment 
Surg At: New York Date: 5/9/87 Speaker: 
Steve Charles, MD Contact: David B. Karlin, 
MD, Course Dir. Manhattan Eye, Ear & Throat 
Hosp, 210 E 64tn St, New York (212)744-0020 


Albert C. Snell Mem Lect At: Rochester Dates: 
4/10/87 to 4/11/87 Speaker: Peter R. Laibson, 
MD Contact: Office of CME, Univ of Rochester 
Med Ctr, 601 Elmwood Ave, Box 677, Roches- 
ter; (716)275-4382 


NORTH CAROLINA 


North Carolina Clin Neuro-Ophthalmol Rev At: 
Chapel Hill Date: 4/9/87 Hrs Instr: 3 Reg Fee: 
None Contact: Baird S. Grimson, MD, Univ of 
North Carolina at Chapel Hill, 617 Clin Sci 
Bldg, 229H, Chapel Hill 27514 


Adv Vitreous Surc Course V At: Durham Dates: 
4/9/81 to 4/11/87 Contact: Carol Vilas, Duke 
Eye Ctr, Box 3802, Durham 27710; (919)684- 


6143 | 





OKLAHOMA 


Optic Nerve Course At: Oklahoma City Dates: 
3/26/87 to 3/27/87 Reg Fee: $150 Contact: 
Bradley K. Farris, MD, Dept of Ophthalmol, 
Dean A. McGee Eye Inst, 608 Stanton L. 
Young, Oklahoma City; (405)271-6463 


PENNSYLVANIA 


Gen Ophthalmol! Update At: Philadelphia Date: 
2/28/87 Reg Fee: None Hrs Instr: 4 Contact: 
Carole Kanoff, Conf Coordinator, Dept of Oph- 
thalmol, Univ of Pennsylvania, Scheie Eye 
Inst, 51 N 39th St, Philadelphia 19104; 
(215)662-8677 


Retina & Vitreous Surg Update At: Philadelphia 
Date: 3/21/87 Hrs Instr: 4 Reg Fee: None 
Contact: Carole Kanoff, Conf Coordinator, 
Dept of Ophthalmol, Univ of Pennsylvania, 
Scheie Eye Inst, 51 N 39th St, Philadelphia 
19104; (215)662-8677 


Clin & Basic Sci Rev in Ophthalmol At: Philadel- 
phia Dates: 3/31/87 to 4/4/87 Hrs Instr: 41 Reg 
Fee: $450 Contact: Office of CME, Sch of 
Med/G-3, Univ of Pennsylvania, Philadelphia 
19104; (215)898-8005 


Thirty-ninth Ann Conf of Wills Eye Hosp At: 
Philadelphia Dates: 4/2/87 to 4/4/87 Hrs Instr: 
16 (cat 1) Reg Fee: $300 practicing phys, $100 
retired phys, $75 residents & fellows Sponsor: 
Wills Eye Hosp Soc of Ex-Residents Contact: 
Jeanne L. Kiska, Mtg Manager, 1621 Norris- 
town Rd, Maple Glen 19002; (215)322-8950 


Twelfth Ann Ophthalmol Rev Course At: Phila- 
delphia Dates: 4/5/87 to 4/9/87 Hrs Instr: 41 
(cat 1) Reg Fee: $500 practicing phys, $250 
residents & fellows Course Dir: Peter J. Savino, 
MD Contact: Lucia M. Manes, CME, Wills Eye 
Hosp, Ninth & Walnut Streets, Philadelphia 
19107; (215)928-3378 
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Economics in Ophthalmol At: Philadelphia 


Dates: 5/13/87 to 5/15/87 Hrs Instr: 15 Reg 


Fee: $250 Contact: Carole Kanoff, Conf Coor- 
dinator, Dept of Ophthalmol, Scheie Eye Inst, 
Univ of Pennsylvania, 51 N 39th St, Philadel- 
phia 19104; (215)662-8677 


TENNESSEE 


Univ of Tennessee Residents-Alumni Day At: 
Memphis Date: 3/27/87 Reg Fee: None Con- 
tact: Roger L. Hiatt, MD, Dept of Ophthalmol, 
Univ of Tennessee, 956 Court Ave, Memphis 
38103 


Memphis Eye Convention Peabody Hotel At: 
Memphis Dates: 3/28/87 to 3/29/87 Sponsor: 
Memphis Soc of Ophthalmol Contact: Thomas 
C. Gettelfinger, MD, Dir, Memphis Eye Con- 
vention, 6485 Poplar Ave, Memphis 38119; 
(901 )767-3937 


TEXAS 


Dallas Spring Ophthalmol Symp At: Dallas 
Dates: 4/3/87 to 4/4/87 Reg Fee: $275 ($250 
before 3/1/87) practicing phys, $75 residents 
(with verification) Contact: Lela Brecken- 
ridge, Office of CME, Presbyterian Hosp of 
Dallas, 8200 Walnut Hill Lane, Dallas 75231; 
(214)696-8458 


Clin Adv in Ophthalmol for the Practicing Oph- 
thalmologist At: Houston Dates: 3/20/87 to 
3/22/87 Hrs Instr: 10 Contact: Vicki Forgac, 
Prgm Coordinator, Office of CME, Baylor Coll 
of Med, One Baylor Plaza, Houston 77030; 
(713)799-6020 


UTAH 


Sixth Ann Park City Oculoplastic Mtg: Symp on 
Head, Orbital, & Ocular Trauma At: Park City 
Dates: 2/28/87 to 3/7/87 Reg Fee: $350, $50 
financial planning sem Contact: Darrell E. 


(Continued on p 288.) 


BASIC SCIENCE COURSE IN OPHTHALMOLOGY 


AT STANFORD 


July 1 through September 4, 1987 


Held in conjunction with the Northern California Universities: 


University of California, Davis 
Pacific Presbyterian Medical Center 
University of California, San Francisco 


Stanford University 


Sections include Anatomy, Microbiology and External Disease, 
Biochemistry, Embryology and Genetics, Motility, 
mology, Fluorescein Angiography, 
shorter subjects. 


Instructors include Doctors C. Beard 


Flach, D. Gu 


Pathology, Physiology and 
Glaucoma, Pharmacology, Neuro-ophthal- 
Optics and Theory of Refraction, and other important 


, B. Crawford, C. Dawson, S. Day, R. Dryden, P. Egbert, A. 
on, M. Hall, J. Hetherington, Jr., A. Jampolsky, J. Keltner, M. Mannis, M. 


Marmor, H. Schatz, W. Scott, W. Spencer, and many others on the faculty of 70. 


Tuition is $1300. For further information and application forms, 
Bettman, M.D., Division of Ophthalmology, A- 


California 94305. 


please write to J.W. 


157, Stanford Medical Center, Stanford, 
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|... (Continued from p 287.) 
m. Wolfley, MD, LSU Eye Ctr, 2020 Gravier St, 


Suite B, New Orleans, LA 70112; (504)568- 
6700 


. Univ of Utah's Ann Clin Conf At: Salt Lake City 

Date: 3/27/87 Contact Rebekah McClure, 

ate Dept of Ophthalmol, Univ of Utah Med Ctr, 50 

OG N Medical Dr, Salt Lake City 84132; (801)581- 
BP" 6384 


VERMONT 


Oculo-Plastic Surg for the Practicing Ophthal- 
ig mologist At: Killington Dates: 3/20/87 to 3/ 
E 22/87 Hrs Instr: 12 (cat 1) Reg Fee: $200 

AN practicing phys, $100 residents & fellows Spon- 
i) sor: Wills Eye Hosp Oculo-Plastic Serv Con- 
- tact: Lucia M. Manes, Conf Coordinator, Dept 
E of CME, Wills Eye Hosp, Ninth & Walnut 
- Streets, Philadelphia, PA 19107; (215) 928- 
3378 


Winter Mtg of Vermont Ophthalmol Soc At: 
E Stowe Dates: 2/27/87 to 3/1/87 Speakers: 
E Richard Collin (Moorfields Eye Hosp), Drs C. 
= Davis Belcher, Thomas Hutchinson, & Richard 


: 2 ^ Simmons Contact: Surg Assoc Found, Univ 
- . Health Ctr, 1 S Prospect St, Burlington 05401; 
E (802)656-4516 
<w » 
EC VIRGINIA 
M Ophthalmol Plastic Surg, Orbital Disease, & Neu- 


B ro-Ophthalmol At: Williamsburg Dates: 4/3/87 

Eco to 4/5/87 Sponsor: Dept of Ophthalmol & 
E Office of CME, Med Coll of Virginia Contact: 
Kay Parrott, Conf Coordinator, Box 48, MCV 


E Station, Richmond 23298; (804)786-0494 
EE Ann Mtg of the Virginia Soc of Ophthalmol At: 
EN Tysons Corner Dates: 5/14/87 to 5/17/87 
Wt Speakers: Thom J. Zimmerman, MD, A. Rob- 
EM ert Bellows, MD, K. Buol Heslin, MD, Richard 
E L. Lindstrom, MD Course Dir: Michael Lemp, 


MD Contact: Donna Strawderman, 4205 Dover 


—. Rd, Richmond 23221; (804)353-2721 

E * | WASHINGTON 

B Pacific Coast Oto-Ophthalmol Soc Ann Mtg At: 
E Seattle Dates: 6/28/87 to 7/2/87 Papers: 
oe Manuscripts for PCOOS Otolaryngol Res 
as Award ($500) received by 4/1/87 Contact: 


E Mireya A. Jones, PCOOS Manager, 1613 Chel- 
E sea Rd, Suite 229, San Marino, CA 91108; 
E (818)799-8610 


E WEST VIRGINIA 


West Virginia Acad of Ophthalmol Natl Ann Mtg 
At: White Sulphur Springs Dates: 4/26/87 to 


; N | 4/29/81 Contact: Samuel A. Strickland, MD, 
Bot West Virginia Acad of Ophthalmol, PO Box 
E. 3107, Charleston 25331 
2 3 3 FOREIGN 
E |J Congress on Neonatal Ophthalmol At: Cairo, 


EV Egypt Dates: 3/25/87 to 3/28/87 Reg Fee: $300 
1 Sponsors: Internatl Soc on Metabolic Eye Dis- 
ease & The Egyptian Ophthalmol Soc Contact: 
Heskel M. Haddad, MD, Prgm Chairman, 1125 
Park Ave, New York, NY 10128; (212)427-1246 


Current Concepts in Ophthalmol At: Dorado 
Beach, Puerto Rico Dates: 2/22/87 to 3/1/87 
Hrs Instr: 30 Reg Fee: $450, $350 residents in 
traihing Course Dirs: Walter J. Stark, MD, 
Ronald G. Michels, MD Contact: Diane Hey- 
dinger, Prgm Coordinator, CME, The Wilmer 
Inst, Turner 22, 720 Rutland Ave, Baltimore, 
MD 21205; (301)955-6046 


= Moorfields Pract Course in Macular Disorders 
At: Arosa, Switzerland Dates: 3/15/87 to 3/ 
20/87 Sponsors: Inst of Ophthalmol & Moor- 
fields Eye Hosp Contact: Dean's Office, Inst of 
Ophthalmol, 17/25 Cayton St, London, 
England EC1V 9AT; 01-387-9621, ext 69 





The University of 
OKLAHOMA 


Department of Ophthalmology 
and the Dean A. McGee Eye Institute 
present the 


OPTIC NERVE COURSE 


March 26-27, 1987 


Guest Faculty: 


The following clinical 
problems will be 


J. Lawton Smith, M.D. addressed: 


Professor of 
Ophthalmology 
University of Miami 
Bascom Palmer Eye 
Institute 


VISUAL LOSS 
WORK-UP 


OPTIC NEURITIS 


OPTIC NERVE & 
MACULAR 


John A. McCrary, III, M.D. DISEASE 
Associate Professor THE SWOLLEN 
of Ophthalmology DISC 
Baylor College of Medicine |THE PALE DISC 


Cullen Eye Institute THE FUNNY 


LOOKING DISC 
Robert L. Tomsak, M.D. 


Assistant Professor of 
Ophthalmology 

& Neurology 

Case Western Reserve 
University School 

of Medicine 


THE CUPPED DISC 


THE WORK-UP FOR 
OPTIC NERVE 
DISEASE 


NEUROIMAGING IN 
OPTIC NERVE 
DISEASE 


TREATMENT & 
MANAGEMENT OF 
OPTIC NERVE 
DISEASE 


John A. Costin, M.D. 
Adjunct Staff Member 
Cleveland Clinic 
Foundation 


Course Fee: $150.00 


Course approved for 10 hours CME credit. 


For information contact: 
Course Co-Ordjnator 


Bradley K. Farris, M.D. 
Assistant Professor 
Department of Ophthalmology 
Dean A. McGee Eye Institute 
608 Stanton L. Young 

405/27 1-6463 
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SIXTIETH ANNUAL 
NEW YORK EYE AND EAR INFIRMARY 
CLINICAL CONFERENCE 
“SURGICAL AND MEDICAL 
DECISION MAKING—1987” 
SPONSORED BY THE NEW YORK 
EYE AND EAR INFIRMARY STAFF 
AND ALUMNI AND 
THE POST GRADUATE INSTITUTE 
MAY 29, 1987 
GRAND HYATT HOTEL 
NEW YORK CITY 


E ae a 


PROGRAM CHAIRMEN 
ROBERT DELLA ROCCA, M.D. 
SOLOMON LIEBOWITZ, M.D. 


TOPICS 
GLAUCOMA 
“WHERE TO INTERVENE” 


CATARACT 
“MANAGEMENT OF 
SURGICAL COMPLICATIONS” 


CORNEA 
“MANAGEMENT DECISIONS 
IN CORNEAL DISEASE” 


APPLICATION OF NEW TECHNOLOGY 
IN CLINICAL PRACTICE 


xx 


CME Credits, Category 1: 8 


Registration fee: $200.00 (Luncheons and cocktail 
reception included). Residents: $75.00 (Luncheons and 
cocktail reception included). 


For brochure and additional information, please write: 


Jane Stark, Conference Coordinator 
New York Eye and Ear Infirmary 
310 East Fourteenth Street 
New York, New York 10003 
Tel. (212) 598-1430 or 598-1313 
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How to make sure your 
follow doctors orders- 
without following then 








|.Custom 
Wear. 





Hoare 


SYSTEM FROM BAUSCH & LOMB 


You do your best to encourage patient 
compliance. You give your patients the 
advice they need. You recommend the 
proper care products and explain how 
to use them. 


But you can’t follow your patients home. 
Now, because your patients’ eyes are so 
with a powerful, yet simple new patient 


compliance program—a program unlike 
s any the field has ever seen. 





















It’s called the Bausch & Lomb Pro-Care 
System. And it consists of dynamic 
patient communication materials 
and informative consumer 
advertising. 
The program will help you 
give vour patients a clear 
understanding of exactly 
what compliance involves: 
wearing schedules, care and 
cleaning, and lens replace- 
ment. It will give them a no- 
nonsense appreciation of why 
compliance is so important. And 
it will give you a new 
level of professional 
confidence. 





important, Bausch & Lomb has responded 


For both daily wear and extended wear 
patients, adherence to recommended 
wearing schedules is essential. But many 
patients may not realize that each case is 
considered on an individual basis. 


Daily wear schedules may range anywher 
from 4 to 18 hours per day. And although 
extended wear contact lenses have been 
FDA-approved for up to 30 days wear 
without removal, patients’ individual life? 
styles, working environments and phys- 
iology may vary. 


So only you can determine the suitable 
wearing schedule for each individual 

patient. But once you do, how can you bs 
certain the patient will follow it? 





Look to the “Custom Wear” portion of th 
Bausch & Lomb Pro-Care System: it pro- 
vides vou with Pro-Care Prescription 3 
forms which you or your assistant can 2 
complete for each patient. ? 
The form indicates the individual's 
prescribed wearing schedule. And it 

gives the patient a complete descrip- 

tion of which products to use and 

how to use them properly. It also 

lists the designated date and time 

of the patient's next follow-up visit. 


Most importantly, the form includes an 
agreement statement for the patient to 
sign, indicating that he/she agrees to corr 
ply with the care regimen and follow-up 
visits that you recommend. 


We will also provide you with an inno- 
vative three-month Pro-Care calendar yor 
can send home with your patients, to he” 
them get into the habit of regular care. Ya 
or your assistant can quickly customize t 
calendar to remind the patient when to 
remove his or her lenses, when to clean 
and disinfect them, and when to return f 
a follow-up exam. 








































First, an informative 
four-page insert booklet 
entitled “How To Make 
The Most Of Your 
Contact Lenses” has 
appeared in America’s 
most widely-read 
monthly magazine: 
READER'S DIGEST. In 
an easy-to-read "ques- 
tion and answer" for- 
mat, it delivers a high- 
impact message on the 
importance of meticu- 
lous lens care and regu- 
lar eye care appoint- 
ments. It also lists a 
toll-free number con- 
sumers can call for more informa- 
tion or to request reprints. 


The free booklet will also be offered 
through a television campaign which 
begins in September. 


sek a | aho 


T Yt LU Rede Tr E 
UUDLT S Petron» <5 A inky.” 
su MCA Ne X d LEAN a 


E Finally, for your in-office use, 
reprints of the READER'S DIGEST 

booklet and copies of Bausch & Lomb's 
highly effective 
"Compliance" 

video 

tape 

are 

also 
available 


Custom à New 
"are. alr. 


ur recommended care is the key to con- Monitoring lens wear and tear, protein 
t lens comfort—and, to optimal visual deposit build-up and discoloration can 
lity and corneal health. While you can’t De accomplished through r egular office 
low your patiens home to remind them VISIS. And that is the goal of the *New 


their responsibilities, our national con- Pair portion of the Pro-Care System. 
ner advertising can. That's why it's an For your patients, we've produced a 
portant component in the “Custom brochure entitled "Three Simple Steps 
e” portion of the Pro-Care System. To Healthy Contact Lens Wear." It 


| 


Liu 


upon request. 





explains the concept of lens replacement 
through regular professional care. 


For you, the New Pair program offers a 
special value on the purchase of a lens 
comparator to help you properly evaluate 
the condition of each lens. 


And for eye care professionals who would 
like to institute an ongoing program of 
planned contact lens replacement, we have 
the Bausch & Lomb Fresh Lens system. 
This innovative program offers two signifi- 
cant advantages: regular lens replacement 
and follow-up exams for your patients, and 
an easy-to-run practice management system 
for you. Bausch & Lomb handles almost all 
of the program s administrative details. 


A Simple Approach 
To Better Compliance. 


Better patient compliance benefits 
everyone—those who wear contact lenses, 
those who prescribe them and those of us 
who manufacture them. 


And the simple truth is, better patient edu- 
cation is a key to better compliance. 


We're confident the Pro-Care System can 
help. So contact your Bausch & Lomb rep- 
resentative for more information on this 
unique program. Once you ve reviewed it, 
we think you ll agree: it's the next best 
thing to following your patients home. 
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Every YAG laser from 
Coherent Medical is now available for 
iridotomies. 


No surprise, really. We were first with YAG 
lasers for posterior capsulotomies. Now, 
were first to add iridotomies. And the 
more procedures you can do, the faster 
your return-on-investment. 


Choose whichever model is best for you. 
They all have Coherent’s unmatched laser 
experience and quality built-in. And 
they're all supported by the industry's 
most extensive service organization. 










i 
So for complete product information 
and financing plans, call us toll-free at 
(800) 635-1313 nationwide, (800) 423-9549 
in CA. Or write: Coherent Medical, 3270 


West Bayshore Road, P.O. Box 10122, 
Palo dri CA 94303. 


‘ COHERENT. 


MEDICAL LASERS 


Built like no other lasers in the world. 


IOLAB Introduces 


Quality Titanium Ophthalmic Instruments 
by MICRA 


Surgeams prefer MICRA ophthalmic instru- 
ments tor a very precise reason. 


Titanium. 


Titanium makes MICRA instruments lighter 
than stamless steel instruments — 43% lighter, 
in fact — for an added dimension of pre- 
cision and control. Control is also enhanced 
by the refined, tungsten carbide-coated tips 
on needle holders and forceps. 


Titanium is harder and stronger than stain- 
less steel, iopo, for long-lasting taf tor 
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MICRA instruments have a blue, nonreflec- 
tive finish to reduce distracting glare. And 
for an added level of surgical safety, titanium 
is nontoxic, noncorrosive and nonmagnetic. 


Now there is another very precise reason 
for specifying MICRA instruments. Each 
one is backed by the IOLAB assurance 
of quality. 


IOLAB Quality Titanium Ophthalmic 
Instruments by MICRA. 
Precisely. 
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(levobunolol HCI) | | 


Liquifilnr sterile ophthalmic solution — 


AIIERGAN® 


© 1987 Allergan Pharmaceuticals, A Division of Allergan, Inc. 
Irvine, CA 92713 $ 
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ln antibiotic therapy: 





a TOBREX® (tobramycin 0.3%) : 


THE FOCAL POINTI aa 
. DESCRIPTION: TOBREX® (tobramycin 0.3%) isa sterile — 
| ophthalmic solution prepared specifically for topical 


. therapy of external infections. This product is also supplied — 
.., Each mi of solution contains: Tobramycin0.3% — 

(3 mg/ml), Boric Acid, Sodium Sulfate, Sodium Chloride, 

Ty , Sodium Hydroxide and/or Sulfuric Acid (to 

adjust pH), Purified Water, and Benzaikonium Chloride — 






- (0.01%) asa preservative. —— DMA 
Each gram of ointment contains: Tobramycin0.3% — 

B mgg }, Mineral Oil, Petrolatum Base, and Chicrobutanol 
0.5%) as a preservative. ... . DM-00 


, n is a water-soluble aminoglycoside antibiotic 
active against a wide variety of gram-negative and gram- 
^. positive ophthalmic pathogens. mp : 
. CLINICAL PHARMACOLOGY: /n Vitro Data: In vitro studies 
have demonstrated tobramycin is active against susceptible - 
= of the following microorganisms: E 








phylococci, including S. aureus and S. epe S 
.. (coagulase-positive and coagulase-negative). including 
.. penicillin-resistant strains. urna e 
. , Streptococci, including some of the Group A — beta- 

_ hemolytic species, some nonhemolytic species, and some 


: PODES umoniae. Pseudomonas aeruginosa, 
.. Escherichia coli Klebsiela pneumoniae. euh ie | 
~ aerogenes, Proteus mirabilis (indole-negative) and indole- 
:- peos Proteus species. Haemophilus influenzae and 
.. H.aegyptius, Moraxella lacunata, and Acinetobacter calco- 
. aceticus (Herellea vaginicola) and some Neisseria species. — 
. Bacterial susceptibility studies demonstrate that in some 
. Cases pe ln resistant to gentamicin retain sus- 
ceptibility to tobramycin. A significant bacterial pepulation 
resistant to tobramycin has not yet emerged; however, bac- - 
_ terial resistance may develop upon prolonged use. — 
INDICATIONS AND USAGE: TOBREX is a topical antibiotic 
indicated in the treatment of external infections of the eye 
. and its adnexa caused by susceptible bacteria. Appropriate — 
.. monitoring of bacterial response to topical antibiotic therapy 
should accompany the use of TOBREX. xo 
.. CONTRAINDICATIONS: TOBREX Ophthalmic Solution and 
-. Ointment are contraindicated in patients with known hyper- 
sensitivity to any of their components. C E 
WARNINGS: Not for injection into the eye. Sensitivity to 
topically applied aminoglycosides may occur in seme — 
. patents. if a sensitivity reaction to TOBREX occurs, discon- 









tinue use. : . 
PRECAUTIONS: As with other antibiotic preparations, — 
prolonged use may result in overgrowth of nonsusceptible — 
organisms, including fungi. If superinfection occurs, appro- — 

pas therapy should be initiated. de 
_ Ophthalmic ointments may retard corneal wound healing. — 
.. Pregnancy Category B. iiec studies in three types — 
-~ Of animals at doses up to thirty-three times the normal = 
human systemic dose have revealed no evidence of impaired 
fertility or harm to the fetus due to tobramycin. There are, 
however, no adequate and well-controlled studies in preg- 
nant women. Because animal studies are not always i 
predictive of human response, this drug should be used dur- 
ing pregnancy only if clearly needed. —— Es l 
Nursing Mothers: Because of the potential for adverse reac- 
tions in nursing infants from TOBREX, a decision should be — 
made whether to discontinue nursing the infant or discon- —— . 
tinue the drug, taking into account the importance of the 
drug to the mother. Re eS E 
_ ADVERSE REACTIONS: The most frequent adverse reactions 
. to TOBREX Ophthalmic Solution and Ointment are localized — 
. Ocular toxicity and hypersensitivity, including lid itching and. 
Swelling, and conjunctival erythema. These reactiens occur — 
in less than three of 100 patients treated with TOBREX. Simi- - 
lar reactions may occur with the topical use of other — —— 
aminoglycoside antibiotics. Other adverse reactions have not 
been reported from TOBREX therapy; however, if topical ocu- 4 
lar tobramycin is administered concomitantly with systemic —— 
. aminoglycoside antibiotics, care should be taken to monitor — 

.. the tota! serum concentration. 

In clinical trials, TOBREX Ophthalmic Ointment produced 

-Significantly fewer adverse reactions (3.7%) than did - 

.. Garamycin Ophthalmic Ointment (10.6%). - 
. OVERDOSAGE: Clinically apparent signs and symptoms of. 
- an overdose of TOBREX Ophthamie lution or Ointment — 
. (punctate keratitis, erythema, increased lacrimation, edema 
and lid itching) may be similar to adverse reaction affects in 
. Some patients. : (97 | 
. DOSAGE AND ADMINISTRATION: Solution: In milc to | 
_ moderate disease, instill one or two drops into the affected — 
. eye(s) every four hours. In severe infections, instil! two —— 
- drops into the eye(s) hourly until improvement, following — 
. Which treatment should be reduced prior to discontinuation. 





IOBREX 





(tobramycin 0.3%) E nese ome oe een 
ophthalmic solution and ointment o aes cams UNE 


-Clinical studies have shown tobramycin to be sate and | 
. effective for use in children. = 
HOW SUPPLIED: STERILE solution in 5m! Drop-Tainer® dis- 
E (NDC 0065-0643-05), containing tobramycin 0.3% =% 
3 pom) and STERILE ointment in 3.5g ophthalmic tube oad 
k s 0065-0644-35), containing tobramycin 0.3% (3mg/g). 


The most widely prescribed topical | rarman sen 
antibiotic among ophthalmologists qud 








-Alcon Laboratories, Inc., Fort Worth, Texas 76134 


MIOSTAT 


The safe road to recovery. 

















b. MIOSTAT': 
. Less corneal 
» swelling. 


MICSTAT®: 
Less endothelial 
cell breakdown. 


| Corneal thickness 

measurements taken 

» throughout a three-hour 

P^ period showed significantly less 
corneal swelling with MIOSTAT 


anew study | 
revezs that in-vitro Y 
perfusion of human ¥ 
corneal endothelia with. q 
MIOSTAT® (Carbachol  * 
















0.0155) intraocular agent than with — 
produces a normal endothelial MIOCHOL.! BSS* 
mosaic pattern, whereas in MIOSTAT and SMOOTH, 
perfusion with MIOCHOL* - sterile water with 
(acetylcholine chloride 1.0%)* 1 mannitol in MIOCHOL SAFE ROAD 


AHEAD 


(see table below) are major 
reasons for corneal swelling 
differences. Others include pH and 
osmolality. 


produces signifi- 
cant cellular break- 
down and loss of 


CETOUR 


dui endothelial integrity.’ 
The photos below tell “Qa 9 Less swelling and less cell breakdown. That's a 
i the story. B te smooth, safe road for your patients. 










in chemical composition: 










MIOSTAT® (Carbachol 0.01% Here’s 
"he SEM of human corneal endothelium perfused with 

3SS ?LUS* for one hour, then 15 minutes with 0.01% 
arbachol chloride followed by BSS PLUS for an additional 
34 heurs. The mosaic pattern of endothelial cells is intact. 


BSS PLUS? (Balanced Salt Solution enriched with bicarbonate, 
lextrese and glutathione.) 

The SEM of human corneal endothelium perfused with 
3SS PLUS for three hours. The mosaic pattern of 
ndomelial cells 1s intact. 


| MIOCHOL* (Acetylcholine chloride 1.0%) 

The *EM of human corneal endothelium perfused with 
BSS ?LUS for one hour, then 15 minutes with 1% 
acetycholine chloride followed by BSS PLUS for an 
addi&onal 134 hours. The normal endothelial mosaic 
»atte-n is lost. 





i ; » A 
MICSTAT. The safe road for you and your patient. Surgical Products Division e B 
Alcon Laboratories, Inc. 9 E 
P.O. Box 6600 9 ^ 
£ Yee, 2. W, Edelhause r, H. E: Comparison of intraocular acetylcholine and Fort Worth, Texas 76115 ra 
carbechol. Journal of Cataract Refractive Surgery — Vol 12, January 1986. 217-293-0450 Ls 
MIOG4HOL" is a trademark of CooperVision Pharmaceuticals, Inc. 1-800-TO-ALCON 9 d A 
=; )0- Ti = 4 AN à AS 
(1-800-862-5266) 9. x 
MIOSTAT* (Carbachol 0.0%) Intraocular E Gi 
ESCRIPTION: MIOSTAT ** Carbachol 0.01%) is a sterile balanced salt solution of Carbachol for intraocular injection. The active ingredient is represented by the chemical structure: SS e? D P 4 
o t m 


NH;COOCH;CH5SN * (CH5E]CI- ESTABLISHED NAME: Carbachol CHEMICAL NAME: Ethanaminium, 2-[(aminocarbony!) oxy]-N,N,N-trimethyl-, chloride. Each ml contains: S SY S 
active: Carbachol 0.01%. Inactive: Sodium Chloride 0.64%, Potassium Chloride 0.075%, Calcium Chloride Dihydrate 0.048%, Magnesium Chloride Hexahydrate 0.03%, Sodium ae T ro 
acetate Trihydrate 0.39%, Sadium Citrate Dihydrate 0.17%, Sodium Hydroxide and/or Hydrochloric Acid (to adjust pH) and Water For Injection USP. CLINICAL PHARMACOL- 

)GY: Carbachol is a poteat cholinergic (parasympathomimetic) agent with miotic activity. INDICATIONS AND USAGE: Intraocular use for miosis during surgery. 9 
'ONTRAINDICATIONS: Sitould not be used in those persons showing hypersensitivity to any of the components of this preparation. WARNINGS: For single-dose 


Mtraocular use only. Discar» unused portion. Intraocular Carbachol 0.01% should be used with caution in patients with acute cardiac failure, bronchial asthma, peptic a ; 

icer, hyperthyroidism, G.I. spasm, urinary tract obstruction and Parkinson's disease. ADVERSE REACTIONS: Side effects such as flushing, sweating, epigastric 9 es © 

listress, abdominal cramps tightness in urinary bladder, and headache have been reported after systemic or topical use of carbachol. These symptom EN OU i 

eported following intraocusar use of carbachol 0.01% in pre-marketing studies. Corneal clouding, persistent bullous keratopathy and post-op MC S Q 

5llowing cataract extractior"with utilization of ihtraocular carbachol have been reported in an occasional patient. As with all miotics, retinal detach v P 
ww 


wen reported when mioticsare used in certain susceptible individuals. OVERDOSAGE: Atropine should be administered parenterally (for dosage : - ; 
3oodman & Gilman or othe pharmacology reference). DOSAGE AND ADMINISTRATION: Aseptically remove the sterile vial from the blister package e $^ SA. 
yy peeling the backing pape and dropping the vial onto a sterile tray. Withdraw the contents into a dry sterile syringe, and replace the needle withhan ~~ AN a n © 





traumatic cannula prior tc intraocular irrigation. No more than one-half milliliter should be gently instilled into the anterior chamber for-the ce m 
yroduction of satisfactory rrosis. It may be instilled before or after securing sutures. Miosis is usually maximal within two to five minutes after 9 s> E RS S: S 
: SMS / Y 


application. HOW SUPPLIED: In 1.5 mi sterile glass vials packaged twelve to a carton. NDC 0065-0023-15. $ 
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simplicity is what new ReNu™ Enzymatic 
Cleaners are all about. The kind of simpli- 
city that builds compliance and results 

in better corneal health for your patients. 

ReNu Thermal: A major breakthrough 
in convenience. 

ReNu Thermal tablets are simply added 
to the lens case prior to thermal disinfec- 
tion. When the heat cycle is complete, 
the lenses are disinfected and free of 
protein deposits. Without the usual 
inconvenience of a separate enzymatic 
cleaning step. 

ReNu Effervescent: Odorless protein 
removal in only 15 minutes. 

ReNu Effervescent works faster than any 
other enzymatic cleaner approved for 
all types of soft contact lenses. And, to 
encourage usage even more, it is free of 
unpleasant odors. 

Simplicity builds compliance. 
Recommend ReNu Enzymatic Cleaners 
to your patients. Once they discover 
how simple ReNu is to use, enthusiasm 


will be simply incredible. 


BAUSCH S LOMB 


Because your patients’ eyes are so important. 








© Bausch & Lomb Incorporated, 1987. All rights reserved worldwide. 


Today ophthalmologists are 
discovering that a stable IOL 
can mean more patient com- 
fort and fewer complaints after 
surgery. And, for stability, 
more and more doctors are 
choosing closed-loop lenses 
from 3M Vision Care. 

The clesed loop is engineer 
to stay in place. X 

An engineer | 
can tell you why a 
closed-loop IOL is 
more stable. Four- 
point fixation is 
designed to give a 
you better centration and more torsional 
stability. But the shape of the haptic is 
critical, and that's where our ideas go 
to work for you. For instance, we were 
first to use computer-aided design 
(CAD)-— to give our Style 34LE lens 
added stability. 
A broader base of contact means 


less stress. 
A closed-loop haptic is designed to 
















distribute pressure evenly across zonules 
and other delicate tissue, to reduce the 
risk of complications caused by tissue 





Style 30LE 


Style 34LE 


damage. 3M Vision Care introduced this 
closed-loop idea in 1979. 


The big surprise is the ease 
of implantation. 

Stability is essential, but you need 
easy handling, too. So 3M Vision Care 
has balanced stability with flexibility. 

In fact, our Style 30LE and Style 
34LE lenses are designed for one- 
handed implantation and immediate 
centration. 

Nobody gives you more choices 
than 3M Vision Care. 

We make the broadest line of closed- 
loop IOLs on the market. You can choose 


Caution-investigational device. Limited by Federal Law to investigational use. 
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Today, Miochol is helping ophthalmic 
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for the miotic side effects 
of pilocarpine. 
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he cant afford to wait for the blurred vision 
and miosis of pilocarpine therapy to clear up. 
Other glaucoma patients lead active lives and 
conveniently “forget” to take their medication 
if they have to wait for symptoms to subside. 

Propine sterile ophthalmic solution is the 
perfect alternative. 

Propine has none of the miotic side effects 
of pilocarpine, so patients can lead more nor- 
mal lives. And they are more likely to continue 
taking their medication when it does not inter- 
fere with their lifestyles. 

When added to beta-blocker therapy, Propine 
can help you effectively lower IOP even further 
than with either used alone. And when used as 
initial therapy, Propine has demonstrated a 
20-24% reduction in mean pressure. 


When added to beta-blocker 
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are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproduction studies 
are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. 
Nursing Mothers. It is not known whether this drug is 
excreted in human milk. Because many drugs are excreted 
in human milk, caution should be exercised when Pro- 
pine is administered to a nursing woman. Usage in 
Children. Clinical studies for safety and efficacy in chil- 
dren have not been done. Animal Studies. Rabbit stud- 
ies indicated a dose-related incidence of meibomian gland 
retention cysts following topical administration of both 
dipivefrin hydrochloride and epinephrine. ADVERSE 
REACTIONS: Cardiovascular Effects. Tachycardia, 
arrhythmias and hypertension have been reported with 
ocular administration of epinephrine. Local Effects. The 
most frequent side effects reported with Propine alone 
were injection at 6.5% and burning and stinging at 6% of 
patient eye visits. Epinephrine therapy can lead to adreno- 
chrome deposits in the conjunctiva and cornea. 
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Allergan Pharmaceuticals, Inc., Irvine, California 92713 
© 1985 Allergan Pharmaceuticals, Inc. 





OCULOPLASTIC SURGEON 


Duties include teaching medical 
students and residents, administra- 
tion, research, and patient care. 
Minimum requirements include an 
MD degree from an accredited 
medical school, certification by the 
American Board of Ophthalmology, 
eligibility for Ohio medical licen- 
sure, a one year fellowship in 
oculoplastics in an accredited pro- 
gram, post-fellowship experience, 
and a record of scholarly produc- 
tivity that would permit appoint- 
ment to the rank of Associate 
Professor in the tenure track. 
Please submit curriculum vitae to: 


Joel G. Sacks, MD 
University of Cincinnati 
Dept. of Ophthalmology 

231 Bethesda Ave., ML 527 
Cincinnati, Ohio 45267-0527 


Affirmative Action/Equal Opportunity Employer 
Women and minority group members encouraged to apply 








Pediatric 
Ophthalmologists 


| Harvard Community Health 
Plan, a staff model Health 
Maintenance Organization, 
and Massachusetts Eye and 
Ear Infirmary are seeking to 
hire full time Pediatric 
Ophthalmologists to fill both 
1L1 a purely clinical position 

į based at HCHP and a mixed 
*4 clinical/academic position 

] shared between HCHP and 
MEEI. We offer excellent 
|] professional career oppor- 
| tunities with a liberal benefit 
] package and salary com- 
mensurate with experience. 


For more information please 
reply to Howard Marton, 
M.D., One Fenway Plaza, 
Boston, MA 02215 or call 
617-437-6040. 


HCHP is an 
AA/EOE. 
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cromolyn sodium, USP 


|_| Year-round clinical efficacy 
significantly reduces the severity 
and duration of ocular itching 


and watery discharge 


[ | Freedom from serious side effects 
or ocular toxicity... proven well- 
tolerated in more than a decade of 


worldwide experience 


*See prescribing information for a complete listing of 
allergic ocular disorders. © Fisons Corporation 1986 


INDICATIONSAND USAGE: OPTICROM is indicated in the treatment of certain allergic 
ocular disorders referred to by the terms vernal keratoconjunctivitis, vernal conjuncti- 
vitis, giant papillaryconjunctivitis, vernal keratitis, and allergic keratoconjunctivitis. 
The etiologic factors.are unknown, but common airborne allergens and contact lenses 
have been implicate«.' 

Symptomatic response to therapy (decreased itching, tearing, redness, and dis- 
charge) is usually evident within a few days. but longer treatment for up to six weeks 
is sometimes required. Once symptomatic improvement has been established, therapy 
should be continuec for as long as needed to sustain improvement. 

If required, corticosteroids may be used concomitantly with OPTICROM. 

Users of soft (hydrophilic) contact lenses should refrain from wearing lenses while 
under treatment wits OPTICROM (see Contraindications). Wear can be resumed within 
a few hours after discontinuation of the drug. 

CONTRAINDICATIONS: OPTICROM is contraindicated in those patients who have 
shown hypersensitivity to cromolyn sodium or to any of the other ingredients. 

As with all ophtnalmic preparations containing benzalkonium chloride, patients 
are advised not to wear soft contact lenses during treatment with OPTICROM. 
PRECAUTIONS: General: Patients may experience a transient stinging or burning 
sensation following application of OPTICROM. 

The recommenced frequency of administration should not be exceeded. The dose 
for adults and-chilcren is 1-2 drops in each eye 4-6 times a day at regular intervals. 
Carcinogenesis, Mutagenesis, and Impairment of Fertility: Long term studies in mice 
(12 months intrapesitoneal treatment followed by six months observation), hamsters 
(12 months intraper:toneal treatment followed by 12 months observation), and rats (18 
months subcutaneeus treatment) showed no neoplastic effect of cromolyn sodium. 

No evidence of chromosomal damage or cytotoxicity was obtained in various 
mutagenesis studies 


| | First and only ophthalmic anti- 
allergic to block the release of 
histamine and other chemical 
mediators of the allergic response 
from sensitized mast cells 
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No evidence of impaired fertility was shown in laboratory animal reproduction studies. 
Pregnancy: Pregnancy Category B. Reproduction studies with cromolyn sodium adminis- 
tered parenterally to pregnant mice, rats and rabbits in doses up to 338 times the human 
clinical doses produced no evidence of fetal malformations. Adverse fetal effects (increased 
resorption and decreased fetal weight) were noted only at the very high parenteral doses 
that produced maternal toxicity. There are, however, no adequate and well controlled stud- 
ies in pregnant women. Because animal reproduction studies are not always predictive of 
human response, this drug should be used during pregnancy only if clearly needed. 
Nursing Mothers: It is not known whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when OPTICROM 
is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children below the age of 4 years have not been 
established. 

ADVERSE REACTIONS: The most frequently reported adverse reaction attributed to the 
use of OPTICROM, on the basis of reoccurrence following readministration, is transient 
ocular stinging or burning upon instillation. 

The following adverse reactions have been reported as infrequent events. It is unclear 
whether they are attributable to the drug: conjunctival injection. watery eyes, itchy eyes. 
dryness around the eye, puffy eves, eye irritation, styes. 

CAUTION: Federal law prohibits dispensing without prescription 
REFERENCE: |. Allansmith MR, Abelson MB. Ocular Allergies. In: The Cornea, ed. by G. 
Smolin, RA Thoft, Little, Brown and Co., Boston/Toronto, 1983: 231-43. 
See package insert for full prescribing information. [SONS 
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FISONS CORPORATION 
BEDFORD, MA 01730 


OPTICROM* is a registered trademark of Fisons plc. 
Made in England FC7201 Revised 07/84 FIS-025 
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Eom Performance. We offer both Zeiss and Haag- They don't. 
e Streit slit lamps, dual-fiber option that can turn 

one laser into two, continuous parfocal spot 

sizes, and non self-centering micromanipulator 

for repetitive procedures without fatigue. 





Dependability. Our users have told us how In some service departments, the phone is 
satisfied thev are with their lasers- perhaps ringing off the hook. 


because so few of them have had reason to 
call our service department. 








Price. We give you a full-feature laser at a They sell you a full-price laser 
small-office laser price. 














Availability. We deliver in 1-2 weeks. Thev deliver in 3-4 months. 


For the full story, return the attached card or call toll-free 800-437-7400 (in CA, 415-680-2890). 
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Instructions for Authors 


Note: Please read these instructions carefully—technical defi- 
ciencies must be corrected before manuscripts can be reviewed. 

Send manuscripts to the Editor, Morton F. Goldberg, MD, Univer- 
sity of Illinois Eyeand Ear Infirmary, 1855 W Taylor St, Chicago, IL 
60612; (312) 996-2321. Manuscripts are received with the under- 
standing thatthey have not previously been published anywhere in 
any language and are not under simultaneous consideration by 
another publication. Accepted manuscripts become the permanent 
property of the ARCHIVES and may not be published elsewhere 
without permission from the publisher (AMA). After initial publi- 
cation, certain articles will appear in translation in the Spanish- 
language edition. 

A manuscript should not list more than six authors. The text 
should, in general, not exceed 14 typewritten pages. 

Transmittal letters to the editor must contain the following language: 
“In consideration of the American Medical Association’s taking action 
in reviewing and editing my submission, the author(s) undersigned hereby 
transfers, assigns, or otherwise conveys all copyright ownership to the 
AMA in the event that such work is published by the AMA.” This 
statement must be-signed by a// authors listed before it can be sent out 
for review. We regret that transmittal letters not containing the 
foregoing language sigmed by all authors of the submission will 
necessitate delay in the review of the manuscript. 

In case the work was done by a federal employee, each author 
must include a signed statement that the work reported was done 
while he or she was employed by the federal government. 

Author Responsibility.—A1l accepted manuscripts are subject to 
copy editing. The author will receive an edited typescript rather 
than galley proofs for approval. The author is responsible for all 
statements in his work, including changes made by the copy 
editor. Designate one author as correspondent and provide his 
address and telephone number. 

Manuscript Preparation.—Submit an original typescript and two 
high-quality copies. All copy (including references, legends, and 
tables) must be typed double-spaced on 21.6 X 27.9-em (8% X 11- 
in) paper. Margins of at least 2.5 cm (1 in) must be provided. If a 
word processor is used, do not justify the right margin. 

Titles.— Titlesshould be short, specific, and clear and typed on a 
special page. They should not exceed 42 characters per line, 
including punctuation and spaces, and be limited to two lines, if 
possible. The title page should include the first name, middle 
initial, and last name of all authors with their highest academic 
degree and professional affiliation of all authors and city location. 
It should also include the address (if different from the senior 
author's) to which requests for reprints should be sent. 

Informed Consent.— Manuscripts reporting the results of experi- 
mental investigations of human subjects must include a statement 
to the effeet that legal requirements governing consent were 
met. 

Refer to patients by number, eg, patient 1 (or, in anecdotal 
reports, by fictitious given names). 

Proprietary Statement.—If the article discusses in any way a 
device, equipment, an instrument, or a drug, the author(s) must 
state in a footnote whether they do or do not have any commercial 
or proprietary interest in the product. Likewise, they must reveal 
whether they have any financial interest as a consultant, review- 
er, or evaluator. In addition, authors must disclose any financial 
interest owned by a spouse, minor child, blood relative living in 
the same household, or known to be held by the author's employer, 
partner, or business associate. 

Abstract.—Provide an abstract (135-word maximum) of the 
article, including statements of the problem, method of study, 
results, and conclusions. The abstract should be specific and 
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sufficiently complete to allow the reader a quick evaluation of the 
paper. Do not include a “summary” section in the main manu- 
script. 

References.— List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations 
should be to the original number. All references must be cited in 
the text or tables. Unpublished data and personal communications 
should not be listed as references but as a footnote. References to 
journal articles should include (1) author(s) (if more than three, 
write “et al" after the third name), (2) title, (3) journal name (as 
abbreviated in Index Medicus), (4) year, (5) volume number, and 
(6) inelusive page numbers, in that order. References to books 
should include (1) author(s), (2) chapter title (if amy), (3) editors (if 
any), (4) title of book, (5) city of publication, (6) publisher, (7) year, 
and (8) page, if indicated. 

Metrication (and SI Units).— All measurements must be in metric 
units, with Systéme International (SI) equivalents given paren- 
thetically, in accordance with AMA policy. (Exceptions are visual 
acuity measurements and intraocular pressure recordings.) 

Illustrations.—Use only those illustrations that clarify and aug- 
ment the text. More than ten illustrations per manuscript would 
have to be justified. Submit illustrations in triplicate, unmounted 
and untrimmed. Do not send original artwork. Send high-contrast 
glossy prints. Figure number, name of senior author, and arrow 
indicating “top” should be typed on a gummed label and affixed to 
the back of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publication may 
be relettered to achieve uniformity of lettering style throughout 
the journal. Magnification and stain should be provided when 
pertinent. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. Please submit one set of positive transparencies (35 
mm slides) and two sets of color prints. The ARCHIVES will pay 
part of the expense of reproduction and printing color illustra- 


PLEASE NOTE: Most COMMON ERRORS TO AVOID 
FOR BOTH ORIGINAL ARTICLES AND LETTERS TO THE EDITOR 
(SECRETARY'S CHECKLIST) 

(1) Failure to send original typed manuscripts plus two 
copies. 

(2) Failure to double-space entire manuscript (abstract, 
references, legends, and tables). 

(3) References not in proper format, not in numerical 
order, or not cited in text. 

(4) Use of 1'2-spacing rather than double-spacing. Do 
not justify right margins. 

(5) Failure to send three sets of illustrations/photo- 
graphs or original color slides. 

(6) Title too long. 

(7) Failure to label abstract or to provide abstract (not 
needed for letters to the editor). 

(8) Incomplete or improper consent forms for patient 
photographs; improper or incomplete legends. 

(9) Failure to include copyright transmittal form 
(needed for both original articles and letters to the 
editor). 

— (10) Failure to include all authors’ personal signatures 
on copyright transmittal form. 

— (11) Failure to designate the corresponding author and 
provide phone number and address. 

— (12) Failure to include consent forms for illustrations 
previously published elsewhere. 
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tions, the remainder to be borne by the author. After deducting 
the ARCHIVES’ contribution, the author’s share is $400 for up to six 
square-finished illustrations that can be arranged on a one-page 
layout. Any additional illustrations or special effects will be billed 
to the author at cost. 

Legends.—Legends must be typed double-spaced, beginning on a 
separate sheet of paper. Length should be limited to a maximum 
of 40 words and should allow the illustration to be fully under- 
standable without recourse to the text. Use arrows, letters, etc, for 
enhanced understanding. 

Authorized Use of Photographs.—Recognizable photographs may 
be taken and published only if specifically consented to by the 
patient. To facilitate proof, the consent should be in writing. Any 
restrictions or limitations on the consent must be strictly 
observed; eg, eyes are blocked out only as a condition of consent. 
Consent forms must include a specific statement that photographs 
and information related to a case may be published either 
separately or in connection with each other, in professional 
journals or medical books, provided that it is specifically under- 
stood that the patient shall not be identified by name. Parental 
consent for publication of photographs and information related to 
the case must include signature of both living parents. Consent 
releases for minors without living parents must be signed by the 
legally appointed guardian. Submit consent forms with the manu- 
script. 

Acknowledgments.—Illustrations from other publications must 
be acknowledged. Include the following when applicable: 
author(s), title of article, title of journal or book, volume number, 
page(s) month, and year. The publisher's permission to reprint 
must accompany the manuscript. 

Statistical Consultation.— We recommend that statistical consul- 
tation be obtained as early as possible for studies with statistical 
content. The name and affiliation of the statistical consultant (if 
different from the author[s]) should be included. 

Tables.— Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 X 27.9-em (8!5 X 11-in) 
paper. Do not use larger paper. If a table must be continued, use a 





second sheet and repeat all heads and stubs. Each table must have 
a title. 

Photo Essay.—Manuscripts for this section should emphasize 
the visual aspects of the subject presented. The picture(s) should 
be of high quality and should be self-explanatory. The photo- 
graphs can be of clinical entities, laboratory studies and findings 
(eg, smears, histologic sections), diagnostic techniques ( roentgen- 
ograms, computed tomographic scans, magnetic resonance image, 
ultrasound, etc), therapeutie procedures, or a combination. A 
concise essay, limited to 250 words, describing the clinical or 
laboratory information, photograph(s), and a brief list of refer- 
ences (five or less), if pertinent, should be submitted in triplicate. 
Articles will be limited to one to two printed pages, and all 
material must fit into this format. Refer to the general "Instruc- 
tions for Authors" for other requirements. 

Correspondence and Case Reports.— Contributions to this section 
may include comments on articles published in the ARCHIVES, 
informative case reports, or other matters of ophthalmic interest. 
Such letters are subject to editorial review and will be published 
as space and editorial priorities permit. Published letters will be 
listed by author and title in the table of contents, and authors and 
subjects are indexed by the major indexing services. Letters to the 
editor and Case Reports ordinarily should not exceed 500 words in 
length. There should be a maximum of three references. Two 
figures or one figure plus one table can be printed. The typescript 
should be double-spaced with a ragged right hand margin and 
submitted in triplicate. A copyright transmittal letter signed by 
all authors must accompany the letter. Please refer to “Instruc- 
tions for Authors" for additional requirements. 

Reprints.— Reprints can be ordered at the time the typescript is 
returned after editorial processing. 

AMA Manual for Authors & Editors.—This 1981 edition, formerly 
the Stylebook/Editorial Manual of the AMA, is available from 
Lange Medical Publications, Drawer L, Los Altos, CA 94023. 
Single copy price: $13. Discounts are 10% for three to five copies 
and 15% for six or more copies. A shipping charge is added on all 
orders. 


From the Archives of the Archives 


Looking bright-eyed and geometric... 


SURGICAL TREATMENT OF DIVERGENT STRABISMUS. R. ARGANARAZ, Arch. de oftal. de Buenos 


Aires 3:583 (Sept.) 1928. 


Three forms of divergent strabismus are distinguished: (1) that resulting from a 
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unilateral amblyopia—the amblyopic eye taking the position of anatomic rest owing to 
the absence of the possibility of binocular vision, which requires a parallelism of the 
ocular axes and furnishes the stimulus for the necessary muscular action; (2) that 
resulting from a toxic infectious process during childhood, such as that which occurs in 
convergent squint, which usually makes its appearance between the ages of 8 and 12 
years and less frequently up to the age of 20, which is not benefited by any medical or 
optical treatment and is progressive, according to Sherrington’s law that an excessive 
stimulation of a motor center is always accompanied by an inhibition of the opposing 
motor centers; (3) a paralytic variety (which can be treated surgically if it is of more 
than a year’s duration). 

Treatment is always difficult and less favorable than in convergent squint. A double 
tenotomy of the external recti is advocated, which, if the result is insufficient, is 
followed by a capsulomuscular advancement of the internus of the squinting eye. 

C. E. FINLAY 


(SouncE: Arch Ophthalmol 1929;1:252) 





Edited by Jean Schaffner, Editorial Assistant. 
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OWA N D EXCELLENCE IN GLAUCOMA THERAPY TODAY 
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TIMOPTIC is cahitfaindicated in patients with bronchial asthma, a history of bronchi 
disease (see WARNINGS); sinus bradycardia; second- and third- -degree atriovent 
cardiogenic shock; and hypersensitivity tc any component of this product 


al asthma, or severe chronic obstructive pulmonary 
ricular block; overt cardiac failure (see WARNINGS): 





In a multicenter study*. .. 


Unsurpassed Ocular Tolerability 


Of 110 subjects evaluated: 

Bi nearly twice as many experienced burning or tearing 
with Betoptic** (betaxolol HCI) 

lll ocular symptoms overall were fewer and significantly 
less severe with TIMOPTIC 


Preferred over Betoptic by More Than 6 to 1 


Of 113 subjects evaluated: 

W 94 (83.2%) preferred TIMOPTIC 
lll 15 (13.396) preferred Betoptic 
li 4 (3.596) had no preference 


In clinical trials lasting from one month to over three years’... 


Unsurpassed Systemic Tolerability Profile 
Documented in More Than 2,000 Patients 


lll 9896 reported NO cardiovascular side effects 
lll 99% reported NO respiratory side effects 


Unsurpassed IOP Control Now... 
and for the Long Term 


Efficacy findings revealed a significant reduction in IOP 
and no evidence of tachyphylaxis or tolerance.” 


Consider the Outstanding Value of TIMOPTIC... 


Efficacy, tolerability, ocular comfort, preference. ..plus the round 
OCUMETER*® Sterile Ophthalmic Dispenser with the exclusive 
precision-designed tip that delivers a metered dose— 

dose after dose—to help make every drop of TIMOPTIC count 
for your patient. 


*Data from a multiple-dose, double-masked, randomized, two-period crossover study 
of healthy volunteers comparing TIMOPTIC 0.5% b.i.d. to Betoptic 0.5% b.i.d. for 
ocular tolerability and subject preference. 

**registered trademark of Alcon Laboratories, Inc. 

‘Data from the original clinical trials for TIMOPTIC and from ongoing studies designed 
to assess the effects of TIMOPTIC, of pilocarpine, or of no treatment on long-term 
control of IOP and on change in visual fields. These studies are intended to have 
patients under observation for up to six years, with evaluations at three- to four- 
month intervals. 

'* All patients did not contribute data at all time points because the trials varied in length 
and not all patients were evaluated at each time period. The measurement at each 
time period represents the mean IOP of all patients available. 


For the majority of patients with chronic open-angle glaucoma 
or elevated IOP who are at sufficient risk to require therapy 
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Before prescribing TIMOPTIC, please see the Brief mST 
of Prescribing Information on the next page of this advertisement. 


Copyright © 1987 by Merck & Co., INC. 














TIMOPTIC 


(TIMOLOL MALEATE|MSD 


STERILE OPHTHALMIC SOLUTION 


How to start patients on TIMOPTIC: 
Usual starting dosage: one drop 0.2596 TIMOPTIC in the affected eye(s) twice a day. 


How to transfer from another topical ophthalmic beta-adrenergic blocking agent 
to TIMOPTIC: - 


1. On the first day, after proper dosing, discontinue the topical agent being used. 


2. On the second day, start treatment with one drop of 0.25% TIMOPTIC in the 
affected eye(s) b.i.d. 


How to transfer from a single antigiaucoma agent (other than a topical 
ophthalmic beta-adrenergic blocking agent) to TIMOPTIC: 

1. On the first day, continue with the agent already being used and add one drop 
0.25% TIMOPTIC in the affected eye(s) b.i.d. 


2. On the second day, discontinue the previously used agent and continue with 
TIMOPTIC in the affected eye(s) b.i.d. 


How to transfer from several concomitantly administered antiglaucoma agents 
to TIMOPTIC: 

1. If any agent is an ophthalmic beta-adrenergic blocker, discontinue before starting 
TIMOPTIC. 


2. Continue the other agents being used, but add one drop of 0.25% TIMOPTIC to 
the affected eye(s) b.i.d. 


3. On the following day, discontinue one of the other antigiaucoma agents. 


4. The remaining antiglaucoma agents may be decreased or discontinued 
according to the patient's response to treatment. 


If clinical response is not adequate: 
Dosage may be increased (from the 0.25% solution) by changing to one drop 0.5% 
TIMOPTIC twice a day in the affected eye(s). Dosages above one drop of 0.5% 
TIMOPTIC twice a day generally have not been shown to produce further reduction 
of IOP. If the intraocular pressure is maintained at satisfactory levels, the dosage 
schedule may be changed to one drop once a day in the affected eye(s). 

In patients with a history of severe cardiac disease, signs of cardiac failure should 
be watched for and pulse rates should be checked. 


CONTRAINDICATIONS: TIMOPTIC is contraindicated in patients with bronchial asthma, a history of bron- 
chial asthma, or severe chronic obstructive pulmonary disease (see WARNINGS); sinus bradycardia: sec- 
ond- and third-degree atrioventricular block; overt cardiac failure (see WARNINGS); cardiogenic shock; 
hypersensitivity to any component of this product. 

WARNINGS: As with other topically applied ophthalmic drugs, this drug may be absorbed systemically. 

The same adverse reactions found with systemic administration of beta-adrenergic blocking agents 
may occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
including death due to bronchospasm in patients with asthma and, rarely, death in association with car- 
diac failure, have been reported following administration of TIMOPTIC (see CONTRAINDICATIONS). 
Cardiac Failure: Sympathetic stimulation may be essential for support of the circulation in individuals with 
diminished myocardial contractility, and its inhibition by beta-adrenergic receptor blockade may precipitate 
more severe failure. 

In Patients Without a History of Cardiac Failure: Continued depression of the myocardium with beta-blocking 
agents over a period of time can, in some cases, lead to cardiac failure. At the first sign or symptom of 
cardiac failure, TIMOPTIC should be discontinued. 

Obstructive Pulmonary Disease: PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE (e.g.. 
CHRONIC BRONCHITIS, EMPHYSEMA) OF MILD OR MODERATE SEVERITY, BRONCHOSPASTIC DISEASE 
OR HISTORY OF BRONCHOSPASTIC DISEASE (OTHER THAN BRONCHIAL ASTHMA OR HISTORY OF BRON- 
CHIAL ASTHMA, IN WHICH 'TIMOPTIC' IS CONTRAINDICATED, see CONTRAINDICATIONS), SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS, INCLUDING 'TIMOPTIC'. However, if TIMOPTIC is necessary in 
such patients, then the drug should be administered with caution since it may block bronchodilation pro- 
duced by endogenous and exogenous catecholamine stimulation of beta, receptors. 

Major Surgery: The necessity or desirability of withdrawal of beta-adrenergic blocking agents prior to major 
surgery is controversial. Beta-adrenergic receptor blockade impairs the ability of the heart to respond to 
beta-adrenergically mediated reflex stimuli. This may augment the risk of general anesthesia in surgical pro- 
cedures. Some patients receiving beta-adrenergic receptor blocking agents have been subject to protracted 
severe hypotension during anesthesia. Difficulty in restarting and maintaining the heartbeat has also been 
reported. For these reasons, in patients undergoing elective surgery, some authorities recommend gradual 
withdrawal of beta-adrenergic receptor blocking agents. 

If necessary during surgery, the effects of beta-adrenergic blocking agents may be reversed by sufficient 
doses of such agonists as isoproterenol, dopamine, dobutamine, or levarterenol. 

Diabetes Mellitus: Beta-adrenergic blocking agents should be administered with caution to patients subject 
to spontaneous hypoglycemia or to diabetic patients (especially those with labile diabetes) who are receiving 
insulin or oral hypoglycemic agents. Beta-adrenergic receptor blocking agents may mask the signs and 
symptoms of acute hypoglycemia. 

Thyrotoxicosis: Beta-adrenergic blocking agents may mask certain clinical signs (e.g.. tachycardia) of 
hyperthyroidism. Patients suspected of developing thyrotoxicosis should be managed carefully to avoid 
abrupt withdrawal of beta-adrenergic blocking agents which might precipitate a thyroid storm 
PRECAUTIONS: Generd/: Patients who are receiving a beta-adrenergic blocking agent orally and TIMOPTIC 
should be observed for a potential additive effect either on the intraocular pressure or on the known systemic 
effects of beta blockade. 

Patients should not receive two topical ophthalmic beta-adrenergic blocking agents concurrently. 

Because of potential effects of beta-adrenergic blocking agents relative to blood pressure and pulse, these 

agents should be used with caution in patients with cerebrovascular insufficiency. If signs or symptoms 
suggesting reduced cerebral blood flow develop following initiation of therapy with TIMOPTIC, alternative 
therapy should be considered. 
Muscle Weakness: Beta-adrenergic blockade has been reported to potentiate muscle weakness consistent 
with certain myasthenic symptoms (e.g., diplopia, ptosis, and generalized weakness). Timolol has been 
reported rarely to increase muscle weakness in some patients with myasthenia gravis or myasthenic symp- 
toms. 

In patients with angle-closure glaucoma, the immediate objective of treatment is to reopen the angle. This 
requires constricting the pupil with a miotic. TIMOPTIC has little or no effect on the pupil. When TIMOPTIC is 
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ug H reduce elevated intraocular pressure in angle-closure glaucoma, it should be used with a miotic and 
not alone. 

As with the use of other antiglaucoma drugs, diminished responsiveness to TIMOPTIC" (Timolol Maleate. 
MSD) after prolonged therapy has been reported in some patients. However, in one long-term study in which 
96 patients have been followed for at least three years, no significant difference in mean intraocular pressure 
has been observed after initial stabilization. 

Drug Interactions: Although TIMOPTIC used alone has little or no effect on pupil size. mydriasis resulting 
from concomitant therapy with TIMOPTIC and epinephrine has been reported occasicnally 

Close observation of the patient is recommended when a beta blocker is administered to patients receiving 
catecholamine-depleting drugs such as reserpine, because of possible additive effects:and the production of 
hypotension and/or marked bradycardia, which may produce vertigo, syncope. or postural hypotension 

Caution should be used in the coadministration of beta-adrenergic blocking agents, such as TIMOPTIC, 
and oral or intravenous calcium antagonists, because of possible atrioventricular conduction disturbances, 
E — failure, and hypotension. In patients with impaired cardiac function. ccadministration should 
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The concomitant use of beta-adrenergic blocking agents with digitalis and calcium antagonists may have 

additive effects in prolonging atrioventricular conduction time 
Animal Studies: No adverse ocular effects were observed in rabbits and dogs administered TIMOPTIC topi- 
Cally in studies lasting one and two years respectively. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: In a two-year oral study of timolol maleate in rats, 
there was a statistically significant (p<0.05) increase in the incidence of adrenal preochromocytomas in 
male rats administered 300 times the maximum recommended human oral dose* (1 mg/kg/day). Similar 
differences were not observed in rats administered oral doses equivalent to 25 or 100 times the maximum 
recommended human oral dose. In a lifetime oral study in mice, there were statistically-significant (p-- 0.05) 
increases in the incidence of benign and malignant pulmonary tumors and benign uterine polyps in female 
mice at 500 mg/kg/day, but not at 5 or 50 mg/kg/day. There was also a significant increase in mammary 
adenocarcinomas at the 500-mg/kg/day dose. This was associated with elevations in serum prolactin which 
occurred in female mice administered timolol at 500 mg/kg, but not at doses of 5 or 50 mg/kg/day. An 
increased incidence of mammary adenocarcinomas in rodents has been associated with administration of 
several other therapeutic agents which elevate serum prolactin, but no correlation between serum prolactin 
levels and mammary tumors has been established in man. Furthermore, in adult human female subjects who 
received oral dosages up to 60 mg timolol maleate, the maximum recommended human oral dosage, there 
were no clinically meaningful changes in serum prolactin. 

There was a statistically significant increase (p 0.05) in the overall incidence of neoplasms in female mice 
at the 500-mg/kg/day dosage level. 

Timolo! maleate was devoid of mutagenic potential when evaluated in vivo (mouse: in the micronucleus 
test and cytogenetic assay (doses up to 800 mg/kg) and in vitro in a neoplastic cell transformation assay (up 
to 100 g/mL). In Ames tests, the highest concentrations of timolol employed. 5000 or 10,000 y.g/plate, 
were associated with statistically significant elevations (p- 0.05) of revertants observed with tester strain 
TA100 (in seven replicate assays) but not in the remaining three strains. In the assays with tester strain 
TA100, no consistent dose response relationship was observed, nor did the ratio of testto control revertants 
reach 2. A ratio of 2 is usually considered the criterion for a positive Ames test 

Reproduction and fertility studies in rats showed no adverse effect on male or female fertility at doses up to 
150 times the maximum recommended human oral dose. 

Pregnancy: Pregnancy Category C: Teratogenicity studies with timolol in mice and rabbits at doses up to 50 
mg/kg/day (50 times the maximum recommended human oral dose) showed no evidence of fetal malforma- 
tions. Although delayed fetal ossification was observed at this dose in rats, there were no adverse effects on 
postnatal development of offspring. Doses of 1000 mg/kg/day (1,000 times the maximum recommended 
human oral dose) were maternotoxic in mice and resulted in an increased number of fetal resorptions. 
Increased fetal resorptions were also seen in rabbits at doses of 100 times the maximum recommended 
human oral dose, in this case without apparent maternotoxicity. There are no adequate and well-controlled 
studies in pregnant women. TIMOPTIC should be used during pregnancy only if the potential benefit justifies 
the potential risk to the fetus. 

Nursing Mothers: Because of the potential for serious adverse reactions from timolol! :n nursing infants, a 
decision should be made whether to discontinue nursing or to discontinue the drug, taking into account the 
importance of the drug to the mother 

Pediatric Use: Safety and effectiveness in children have not been established by adequate and well-controlled 
studies 

ADVERSE REACTIONS: TIMOPTIC Ophthalmic Solution is usually well tolerated. The fo towing adverse reac- 
tions have been reported either in clinical trials of up to three years’ duration prior to release in 1978 or since 
the drug has been marketed 

BODY AS A WHOLE: Headache, asthenia, chest pain. CARDIOVASCULAR: Bradycardia. arrhythmia, hypo- 
tension, syncope, heart block, cerebral vascular accident, cerebral ischemia, cardiac failure, palpitation. 
cardiac arrest. DIGESTIVE: Nausea, diarrhea. NERVOUS SYSTEM/PSYCHIATRIC: Dizziness, depression, 


. increase in signs and symptoms of myasthenia gravis, paresthesia. SKIN: Hypersensitwity, including loca- 


lized and generalized rash, urticaria. RESPIRATORY: Bronchospasm (predominantly in-patients with preex- 
isting bronchospastic disease), respiratory failure, dyspnea, nasal congestion ENDOCRINE: Masked 
symptoms of hypoglycemia in insulin-dependent diabetics (see WARNINGS). SPECIAL SENSES: Signs and 
symptoms of ocular irritation, including conjunctivitis, blepharitis, keratitis, blepharoptosis, decreased cor- 
neal sensitivity, visual disturbances, including retractive changes (due to withdrawal ef miotic therapy in 
some cases), diplopia, ptosis. 

Causal Relationship Unknown: The following adverse effects have been reported, and : causal relationship 
to therapy with TIMOPTIC has not been established: Body as a Whole: Fatigue: Cardiovascular: Hyperten- 
sion, pulmonary edema, worsening of angina pectoris; Digestive: Dyspepsia, anorexia, dry mouth; Nervous 
System/Psychiatric: Behavioral changes including confusion, hallucinations, anxiety. disorientation, ner- 
vousness, somnolence, and other psychic disturbances; Skin: Alopecia; Special Senses: Aphakic cystoid 
macular edema; Urogenital: Retroperitoneal fibrosis, impotence. 

The following additional adverse effects have been reported in clinical experience with oral timolol maleate 
and may be considered potential effects of ophthalmic timolol maleate: Body as a Whole: Extremity pain, 
decreased exercise tolerance, weight loss; Cardiovascular: Edema, worsening of arteria insufficiency, Rayn- 
aud's phenomenon, vasodilatation; Digestive: Gastrointestinal pain, hepatomegaly, vomiting; Hematologic: 
Nonthrombocytopenic purpura: Endocrine: Hyperglycemia. hypoglycemia; Skin: Pruntus, skin irritation, 
increased pigmentation, sweating, cold hands and feet; Musculoskeletal: Arthralgia. claudication: Nervous 
System/Psychiatric: Vertigo, local weakness, decreased libido, nightmares, insomnia, diminished concen- 
tration; Respiratory: Rales, cough, bronchial obstruction; Special Senses: Tinnitus. cry eyes: Urogenital. 
Urination difficulties 

Potential Adverse Effects: In addition, a variety of adverse effects have been reported with other beta- 
adrenergic blocking agents and may be considered potential effects of ophthalmic timolammaleate: Digestive: 
Mesenteric arterial thrombosis, ischemic colitis; Hematologic: Agranulocytosis, thrombecytopenic purpura; 
Nervous System: Reversible mental depression progressing to catatonia; an acute reversible syndrome char- 
acterized by disorientation for time and place, short-term memory loss, emotional labiiity, slightly clouded 
sensorium, and decreased performance on neuropsychometrics; Allergic: Erythematous rash, fever com- 
bined with aching and sore throat, laryngospasm with respiratory distress; Urogenital: Peyronie's disease. 

There have been reports of a syndrome comprising psoriasiform skin rash, conjunctivrtis sicca, otitis, and 
sclerosing serositis attributed to the beta-adrenergic receptor blocking agent practolol. This syndrome has 
not been reported with timolol maleate 
HOW SUPPLIED: TIMOPTIC Ophthalmic Solution, 0.25% and TIMOPTIC Ophthalmic Solution, 0.5%. Both 
are available in 2.5-mL, 5-mL, 10-mL, and 15-mL plastic OCUMETER* ophthalmic dispensers with a con- 
trolled drop tip 
Storage: Protect from light. Store at room temperature 


*The maximum recommended single oral dose is 30 mg of timolol. One drop of TIMOPTIC 0.5% contains 
about 1/150 of this dose. which is about 0.2 mg. 
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Representative and the Prescribing Information 
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Circle on left represents 6.0mm optic. Circle on right represents 6.5mm optic. 


How to increase effective 
optical zone 28% 
with only half a mm. 


The Hunkeler 6.5mm Lightweight. When compared with 

a 6.0mm laser ridge lens, the extra 0.5mm in our Hunkeler lens 
optic makes for a surprising increase in 
optical zone. A 28% increase, in fact. 

That’s because the Hunkeler 6.5mm 
Lightweight is specifically designed to 
maximize the clear optical zone in harmony 
with other lens features. Like extra small 
positioning holes, just 0.25mm in diameter. 

And a 0.32mm laser ring, designed to 
provide optimal separation between the lens 
and posterior capsule. 

For more information on 
the Hunkeler 6.5mm Lightweight, model no. 9801 (9803 UV), 
contact your Precision-Cosmet representative, or call 


toll free: (800) 328-3969; 7 
(800) 682-3809 (MN). "eiglaü 
a felictblchenen compeny 


Precision-Cosmet 
Precision-Cosmet Company, Inc. 11140 Bren Road West, Minnetonka, MN 55343 $ c AS 


Caution: Investigational device limited by Federal (USA) Law to investigational use. 








Manufactured under license of U.S. Patent #RE 31,626 © 1986 Precision-Cosmet Company, Inc. 12046C 
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POLYSPORIN. 


polymyxin B-bacitracin) 






[] Broad spectrum 
antimicrobial coverage 


E Neomycin-free 
and preservative-free 


E 


DESCRIPTION: Each gram contains: Aerosporin® (polymyxin B sulfate) 10,000 units, baci- Ophthalmic ointments may retard corneal healing. PRECAUTIONS: As with other antibiotic 








tracin zinc 500 units, special white petrolatum qs. ACTIONS: Polymyxin B attacks gram-neg- preparations, prolonged use may result in overgrowth of nonsuscestible organisms, in- 
ative bacilli, including virtually all strains of Pseudomonas aeruginosa and Hemophilus cluding fungi. Appropriate measures should 

influenzae species. Bacitracin is active against most gram-positive bacilli and cocci, includ- be taken if this occurs. DOSAGE AND 

ing hemolytic streptococci. INDICATIONS: For the treatment of superficial ocular infections ADMINISTRATION: Apply the ointment Burroughs Wellcome Co. 
involving the conjunctiva and/or cornea caused by organisms susceptible to polymyxin every 3 or 4 hours, depending on the sever- 3030 Cornwallis Road 

B sulfate or bacitracin zinc. CONTRAINDICATIONS: This product is contraindicated in ity of the infection. HOW SUPPLIED: Tube Wellcome! Research Triangle Park, NC 27709 


those individuals who have shown hypersensitivity to any of its components. WARNINGS: of 1% oz. with ophthalmic tip. 


Copyright 1985 Burroughs Welicome Co. All rights reserved. 
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Correspondence 


Contributions to this section may include comments on articles 
published in the ARCHTVES or other matters of ophthalmic interest. 
Such letiers are subject to editorial review and will be published as 
space and editorial priorities permit. Published letters will be 
listed by author and title in the table of contents, and authors and 
subjects are indexed by the major indexing services. 

Letters to the editor ordinarily do not exceed 500 words in 
length. There should be a maximum of three references. Two 
figures or one figure pius one table can be printed. 

The typescript shoul be double-spaced with a ragged right hand 
margin end submitted in triplicate. A copyright transmittal letter 
signed by all authors must accompany the letter. Please refer to 
“Instructions for Authers” for additional requirements. 


More information Needed Regarding Neovascularization 
and Vitreous Hemorrhage in Branch Vein Occlusion 


To the Editor.—We read with interest the publication by 
the Branch Vein Occlusion Study (BVOS) Group published 
in the January 1986 issue of the ARCHIVES! and feel it is an 
excellent study; however, several questions need clarifica- 
tion. 

The first question concerns the lack of information on 
the state of the vitreous. In diabetics, one study has shown 
that partial vitreous detachment with vitreoretinal trac- 
tion is a major risk factor for progression of proliferative 
diabetic retinopathy, whether or not photocoagulation is 
performed.? In eyes without vitreoretinal traction, there 
appears to be protection against progression of retinopa- 
thy. It would be interesting if this same principle were to 
hold true for other ischemic retinal diseases in which 
neovascularization is found, such as branch vein occlu- 
sion. 

The second question concerns the breakdown of patients 
according to amount of nonperfusion. Is there any way to 
separate out patients that have 5 disc diameters of isch- 
emia from those that have 10, 15, or even 25 disc diameters 
of ischemia? It would seem logical that the greater amount 
of nonperfusion would carry a different prognosis. 

Finally, can any data be provided on patients with a 
history of diabetes apart from the other patients? 
Although there are no specific publications, it has been our 
experience that patients with a history of diabetes, mild 
background retinopathy, and venous occlusive disease 
seem to have an increased risk of developing neovascular- 
ization. Although the total numbers of diabetics in groups 
1 and 2 were small, the exact number of diabetics in group 
“X” were never stated. After reviewing their data, can they 
show any significant difference between diabetic vs non- 
diabetic patients? 

We realize their study was not designed to determine 
whether treatment should be applied before the develop- 
ment of neovascularization. However, if information can 
be supplied on the prognosis of patients, related to the 
presence of vitreoretinal traction, diabetes, and the 
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amount of nonperfusion, it may help us to separate out 

patients that truly need early treatment. 
LOGAN BROOKS, MD 
ROBERT SCHROEDER, MD 
RAJIV ANAND, MD 
JOSEPH MAGUIRE, MD 
Eric SHAKIN, MD 
Philadelphia 


1. Branch Vein Occlusion Study Group: Argon laser scatter photocoagu- 
lation for prevention of neovascularization and vitreous hemorrhage in 
branch vein occlusion: A randomized clinical trial. Arch Ophthalmol 
1986;104:34-45. 

2. Jalkh A, Takahashi M, Topilow H, et al: Prognostic value of vitreous 
findings in diabetic retinopathy. Arch Ophthalmol 1982;100:432-434. 


In Reply.—Brooks et al raise three interesting questions 
that were considered at length throughout the BVOS by 
the BVOS Executive Committee. We will outline only some 
of our past considerations here for the sake of brevity. 

With respect to the status of the vitreous, the publica- 
tion by Jalkh et al appeared four years after the BVOS 
onset; we believed that a retrospective analysis of cases 
entered within the first four years could not exclude 
significant observer bias. Additionally, for the purposes of 
a multicenter trial, uniform photographic documentation 
would have been crucial; the BVOS Executive Committee 
(which included a coauthor of the Jalkh et al article) did 
not believe that a uniform protocol for photographic 
documentation of vitreous status was feasible for all 
participating centers at that time. 

With respect to the amount of nonperfusion, quantita- 
tion is difficult in most cases without the preparation of 
photographic composites and extensive photography of the 
peripheral fundus, both of which were deemed impraetical 
for a majority of the recruited patients. Additionally, as 
the study progressed, a strong clinical impression arose 
within the Executive Committee that the quantity of 
nonperfusion (beyond 5 disc diameters) was less important 
than the observation that neovascularization never devel- 
ops in over 50% of patients with branch vein occlusion 
and large areas of nonperfusion. Preliminary results from 
electrophysiologic studies now in progress suggest the 
possibility that many patients with large areas of nonper- 
fusion may have infarcted retina rather than ischemic 
retina, with the presumption that an infarcted retina will 
not be associated with the development of neovasculariza- 
tion.' Consequently, it seems that the presence of ischemia 
rather than infarction might be a much more important 
risk factor than the quantity of nonperfusion for the 
development of neovascularization secondary to branch 
vein occlusion. 

With respect to mild diabetic retinopathy, the Executive 
Committee, from the outset of the study, was concerned 
that diabetic retinopathy might increase the likelihood of 
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the development of neovascularization; consequently, the 
Executive Committee elected to exclude any diabetic 
patient who had as much as a single microaneurysm in 
either eye. For this reason, the BVOS cannot provide 
further information regarding this question. 

In summary, on the basis of the results of the BVOS, we 
would recommend peripheral scatter argon laser photoco- 
agulation after the definitive identification of neovascu- 
larization rather than before. The quantity of nonperfu- 
sion, the status of the vitreous, and the extent of back- 
ground diabetic retinopathy would not encourage us to use 
peripheral scatter argon photocoagulation prior to the 
possible development of neovascularization but might 
influence us in following up a patient more frequently or 
less frequently in watching for the possible development of 
neovascularization. 

DANIEL FINKELSTEIN, MD 

JOHN CLARKSON, MD 

ISRAEL GOLDBERG, PHD 

ALLYN KIMBALL, PHD 

DAvip ORTH, MD 

STEPHEN RYAN, MD 

CLEMENT TREMPE, MD 

For the Branch Vein Occlusion Study 
Baltimore 


1. Johnson MA, Finkelstein D: Neovascularization and retinal sensitivity 
loss in patients with retinal ischemia. Jnvest Ophthalmol Vis Sci 
1986;27(suppl):145. 


Corneal Photoablation by Far Ultraviolet Lasers 


To the Editor.—The 193-nm wavelength generated by the 
argon fluoride excimer laser precisely ablates corneal 
tissue without evidence of adjacent thermal damage. 
Lower-energy excimer wavelengths, including 248, 308, and 
351 nm, have been investigated and found to produce a zone 
of adjacent thermal damage that increases with the wave- 
length. 

The mechanism by which far ultraviolet (UV) energy 
interacts with corneal tissue is controversial and poorly 
understood. Srinivasan and colleagues? have suggested 
that highly energetic far UV photons (6.4 eV at 193 nm) 
directly break the intramolecular bonds that link the 
collagen polymer together. This process is dependent on 
high corneal absorption of the wavelength and sufficient 
photon energy to induce bond disruption.’ Other possible 
mechanisms include ultrafast thermal events in which 
heating is confined to a small volume of corneal tissue that 
is vaporized before significant thermal diffusion into 
surrounding cornea occurs. 

We irradiated human cadaver corneas with a pulsed 
157-nm fluorine laser that has a higher photon energy (7.9 
eV) than 193-nm radiation (6.4 eV) to determine if non- 
thermal photoablative effects were also produced by a 
shorter wavelength, as predicted by the photoablative 
theory. 


Method.—We used an excimer laser in this study. The laser 
cavity was filled with the appropriate gas mixture to produce the 
157-nm beam. Since air attenuates 157-nm light, a chamber 
capable of replacing air with argon, an inert gas, was constructed 
and attached to the laser aperture. Human cadaver eyes were 
positioned on a suction stand within the chamber. A 10 X 0.5-mm 
rectilinear image was focused on the cornea by an aluminum- 
coated spherical mirror. The laser was operated at 25 Hz with 
maximum radiant exposures of 40 mJ/cm? at the corneal surface. 
After exposure, the corneas were processed for both light and 
transmission electron microscopy. 

Examination of the irradiated corneas by light microscopy 
showed the incisions to be smooth and well defined (Fig 1). The 
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Fig 1.—Corneal ablation by 157-nm fluorine laser €x 100). 





Fig 2.— Transmission electron microscopy of corneal incision produced 
by 157-nm fluorine laser. Bar indicates 1 um (X40 000). 


stroma was well preserved, with no evidence cf charring or 
disruption of the lamellae. A narrow, 0.2- to 0.3-um margin of 
electron-dense staining surrounded the incision on transmission 
electron micrographs (Fig 2). 


Comment.—These results support the model of corneal 
photoablative decomposition as proposed by Srinivasan 
and colleagues.? Since photon energy at 157 nm (7.9 eV) is 
higher than at 193 nm (6.4 eV), we expected a similar 
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corneal effect if a photoablative mechanism is operating. If 
the incisions produced by 157-nm energy had been associ- 
ated with thermal damage, then a mechanism of heat- 
related vaporization of tissue would have been more likely 
or corneal absorptien for 157-nm energy must be signifi- 
cantly less than for 193 nm. 

Ablative thresholds for four far UV wavelengths have 
been determined. Thresholds decrease from 900 mJ/em? 
for 351 nm to 55 mJ/cm'? for 193 nm (25 Hz)? We observed 
ablation with radiant exposures of 40 mJ/cm:..Since 
157-nm photons are more energetic than those emitted at 
193 nm. corneal abiation at a lower fluence is consistent 
with a photoablative mechanism. 

Far UV lasers appear to remove corneal tissue by a 
mecharism fundamentally different than the thermal and 
photodisruptive properties utilized by present-generation 
ophthaimic lasers. Many potential applications for excim- 
er lasers are under active investigation. Preclinical studies 
to evalwate wound healing following excimer ablation are 
needed, since no previous experience exists with this 
mecharism of tissue removal. The long-term safety of far 
UV energy for corneal surgery remains another unan- 
swered question. 

KEITH P. THOMPSON, MD 
JOSEPH TRENTACOSTE, MD 
RICHARD K. PARRISH II, MD 
Miami 

MICHAEL R. BERMAN, PHD 
St Louis 


Supported in part by Public Health Service core grant P30-EY-02180, 
Department of Health and Human Services, National Institutes of Health, 
National Eye Institute, Bethesda, Md; National Glaucoma Research, a 
program ef the American Health Assistance Foundation, Beltsville, Md; the 
Helene Rubinstein Foundation, New York; and the George V. Zain Founda- 
tion Func, Florida Lions Eye Bank Inc. McDonnell Douglas Research 
Laboratories supplied thedLambda Physik model 201E excimer laser used in 
this study. 


1. Puliafito C^, Steinert RF, Deutsch TF, et al: Excimer laser ablation of 
the cornea and lens: Experimental studies. Ophthalmology 1985; 92:741- 
748. 

2. Srin:wasan X, Baren B, Seeger D, et al: Photochemical cleavage of the 
polymeric solid: Details of the ultraviolet laser ablation of poly (methyl 
methacrytate) at 193 nm and 248 nm. Macromolecules 1986;19:916-921. 

3. Krueger RR, Trokel SL, Schubert H: Interaction of ultraviolet laser 
light with the cornea. Invest Ophthalmol Vis Sci 1985;26:1455-1464. 


Use of the Jaffe Speculum in Eyelid Surgery 


To the Lditor.—TheJaffe eyelid speculum can be used as a 
self-retaining retraetor to provide excellent exposure dur- 
ing many eyelid operations. The speculum replaces the 
conventional Desmarres vein retractor held by the surgical 
assistant. The eyelid speculum was designed by Dr Jaffe! 
for independent retraction of each eyelid during cataract 
surgery For eyelid operations, the curved end of the wire 
speculum fits into the surgical wound. A rubber band 
attached to the end of the speculum can be clamped to the 
surgical drape to provide retraction. The malleable nature 
of the stainless-steel wire used to make the speculum 
allows easy molding to accommodate sunken eyes with 
prominent brows or proptotic eyes. Other less flexible 
independent eyelid retractors such as the Tennant eyelid 
retractar are less useful in this regard. 

The most common application of the Jaffe eyelid specu- 
lum during eyelid surgery is during the anterior approach 
to the levator aponeurosis advancement operation. The 
Jaffe speculum is introduced to provide superior traction 
of the wound margin. The rubber band is clamped to the 
drape. An unobstructed view of the orbital septum and 
levator aponeurosis is obtained (Figure). Following short- 
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Exposure of levator aponeurosis using Jaffe eyelid speculum. 


ening of the levator aponeurosis, the lid height and contour 
can easily be inspected by simply stretching the rubber 
band and removing the speculum but not unclamping it. If 
adjustments are necessary, the speculum can be easily 
reinserted, and the sutures in the aponeurosis can be 
repositioned. Final inspections in height and contour are 
made with the patient sitting upright with the speculum 
removed from the wound and secured to the drape with an 
additional clamp. In cases in which bilateral ptosis surgery 
is being performed, the rubber band can be clamped to the 
drape in a central position, and the speculum can be 
alternated between the left and right sides. 

The Jaffe lid speculum is useful in other upper-eyelid 
surgeries, including fat removal during blepharoplasty, 
lacrimal gland biopsy, and transblepharoplasty posterior 
brow fixation. Similarly, the speculum is helpful in lower- 
lid operations in which a subciliary approach is used, such 
as lower-lid retractor reinsertions or fat removal during 
lower-lid blepharoplasty. When retraction is necessary for 
external approaches to the orbital floor during blowout 
and tripod fracture repairs or transorbital thyroid decom- 
pression, the speculum may not provide enough retraction 
or traction in a specific direction. A Desmarres retractor 
may be necessary in addition to or instead of the Jaffe 
speculum. 

JEFFREY A. NERAD, MD 
Iowa City 


Dr Nerad has no commercial or proprietary interest in the Jaffe eyelid 
speculum. 


l. Jaffe NS: Cataract Surgery and Its Complications, ed 4. St Louis, CV 
Mosby Co, 1984, pp 42-43. 
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Is Applanation Tonometry a Risk Factor for 
Transmission of Creutzfeldt-Jakob Disease? 


To the Editor.—Creutzfeldt-Jakob disease is characterized 
by dementia, myoclonus, ataxia, spasticity, and inexorable 
neurologic decline. Death usually occurs within one year. 
The condition can be transmitted by a small subviral agent 
from neural tissue and has apparently been transferred 
with donor corneal material during keratoplasty.' Creutz- 
feldt-Jakob disease is of special importance to ophthalmol- 
ogists because patients may present themselves with 
vision-related complaints long before the diagnosis is 
considered and at a stage when the diagnosis cannot be 
made with certainty. These complaints, which include 
visual field loss, visual blurring, metamorphopsia, and 
reading difficulties, commonly lead to an examination of 
the eyes, and applanation tonometry is often performed in 
the responsible evaluation of such cases. We are concerned 
that this procedure may represent a small but significant 
risk for the transmission of Creutzfeldt-Jakob disease and 
that, owing to the gravity of the illness once it is acquired, 
this risk cannot be dismissed. 

We have recently encountered three patients at the 
University of Iowa, Iowa City, in our neuro-ophthalmology 
clinic who were examined for visual complaints before 
other symptoms of their transmissible encephalopathy 
could be recognized. In each case they had nonspecific 
visual complaints, such as “things look funny,” that could 
not be resolved after a detailed ophthalmologic assessment 
that included applanation tonometry. None of these 
patients showed clear evidence of cognitive impairment 
until some time later. In each case the evolution of clinical 
signs (myoclonus, ataxia, and dementia) and the results of 
encephalography and examination of a brain biopsy speci- 
men eventually enabled the correct diagnosis of Creutz- 
feldt-Jakob disease to be made. 

Standard sterilization techniques are ineffective for 
instruments used on patients with Creutzfeldt-Jakob dis- 
ease. This is based on the clinical observation that Creutz- 
feldt-Jakob disease had apparently been transmitted by 
the use of depth electrodes even though the electrodes had 
undergone conventional sterilization? The risk of Creutz- 
feldt-Jakob disease in the general population is about one 
in one million, but a recent case-control study using a 
retrospective analysis showed a statistically significant 
association with intraocular pressure testing performed 
within two years of the onset of Creutzfeldt-Jakob disease.* 
This may be related to the frequency with which patients 
visit ophthalmologists owing to their early visual com- 
plaints, but it also suggests the possibility of transmission 


Sterilization Procedures for Creutzfeldt-Jakob Disease 
Tissues and Contaminated Materials * 


Fully effective (recommended) procedures 
Steam autoclaving for 1 h at 132°C 
Immersion in 1N sodium hydroxide for 1 h at room temperature 
Partially effective procedures 
Steam autoclaving at either 121°C or 132°C for 15 to 30 min 
Immersion in 1N sodium hydroxide for 15 min, or lower 
concentrations (less than O.5N) for 1 h 
Immersion in bleach (undiluted, or up to 1:10 dilution) for 1 h 
Ineffective procedures 
Boiling, ultraviolet irradiation, ethylene oxide sterilizations, ethanol, 
formaldehyde solution, 8-propiolactone, detergents, quaternary 
ammonium compounds, Lysol, alcoholic iodine, acetone, 
potassium permanganate 


* From the Committee on Health Care Issues, American Neurological Associa- 
tion.5 
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of the disease through standard ophthalmologic proce- 
dures. 

We are concerned that applanation tonometry may 
represent an unappreciated source of transmission of the 
Creutzfeldt-Jakob agent since neural and optic tissues 
have the highest infectious titers.° Contact with the corne- 
al surface epithelium undoubtedly contaminates tonome- 
ters with desquamated epithelial cells that might then 
serve as a source of infection in subsequent patients even 
after standard sterilization. There is nothing immediately 
obvious about this potential mode of spread since the 
latent interval between inoculation and clinically apparent 
infection may be one to two years and the patient, once 
afflicted, may not return to the ophthalmologist for fur- 
ther studies. 

The risk of transmitting Creutzfeldt-Jakob disease by 
applanation tonometry must be considered in light of the 
serious nature of the illness. If it is not possible to identify 
patients with Creutzfeldt-Jakob disease before the classic 
symptoms or signs appear so that contaminated materials 
can be appropriately handled, then all tonometers should 
be fully sterilized before they are used. This is much more 
diffieult than it sounds. Recommended procedures (Table) 
include steam autoclaving for one hour at 132°C or immer- 
sion in sodium hydroxide for one hour at room tempera- 
ture. Since these measures would destroy the plastic 
applanation tip, a sterile disposable tip or cover on the 
corneal surface of the tonometer should be used so that the 
instrument does not come into contact with the eye. 

MATTHEW Rizzo, MD 
JAMES J. CORBETT, MD 

H. STANLEY THOMPSON, MD 
Iowa City 


1. Duffy P, Wolf J, Collins G, et al: Possible person-to-person transmis- 
sion of Creutzfeldt-Jakob disease. N Engl J Med 1974;290:629-673. 

2. Bernoulli C, Siegried J, Baumgartner G, et al: Danger of accidental 
person-to-person transmission of Creutzfeldt-Jakob disease by surgery. 
Lancet 1977;1:478-479. 

3. Brown P: An epidemiologic critique of Creutzfeldt-dakob disease. 
Epidemiol Rev 1980;2:113-135. 

4. Davanipour Z, Alter M, Sobel E, et al: Creutzfeldt-dakob disease: 
Possible medical risk factors. Neurology 1985;35:1485-1486. 

5. Committee on Health Care Issues, American Neurological Association: 
Precautions in handling tissues, fluids and other contaminated materials 
from patients with documented or suspected Creutzfeldt-Jakob disease. 
Ann Neurol 1986;19(suppl 1):75-77. 


Semantics: Compliance Is a Better Term 
Than Cooperation 


To the Editor.—I would like to take exception to Dr 
Muirhead’s' advice to term patients who do not follow our 
instructions “uncooperative” rather than “non eompliant. " 
Children may certainly be uncooperative, but for adults 
the situation is different. 

Dr Muirhead is concerned because his dictionary says 
"compliant" means “a tendency to yield readily to others, 
especially in a weak and subservient way." My American 
Heritage Dictionary says that the meaning of cempliant as 
"obedient or subservient" is a secondary and obsolete 
definition. The dictionary prefers 'to act in accordance 
with a command, request, rule or the like [emphasis 
added ]." 

Perhaps more importantly, the use of the word unco- 
operative is judgmental of the character of the patient. It 
is not our job as physicians to judge the character of our 
patients. In fact, we are frequently admonished to avoid 
placing any judgmental statements in our medical 
records. 


Correspondence 
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Compliant (or “noncompliant” as the case may be) is 
therefore a doubly appropriate term: it states a fact 
simply, ie, the patient did not act in accordance with what 
we recommended fer him, and it is not judgmental of his 
character. 

In fact, from a moral standpoint, when this occurs, ie, 
when the patient does not follow our instructions or 
recommendations, the finger points at the physician, not 
the patient. Why? Because we are the knowledgeable ones, 
and the patient needs to be educated—by us—to under- 
stand why he needs to follow our instructions. If the 
patient does not comply, it may well be that we have not 
sufficiently educated and motivated—that is our responsi- 
bility, too—our patient. I think this is what Dr Muirhead 
means by “persuasion.” 

If the patient were in fact truly uncooperative, it would 
be easier for him to stay home. Whenever we feel the 
patient is not doing what we want, before judging that he 
is deficient in character, we must look first at ourselves 
and ask if we have done all we can to educate and motivate 
the patient. Maybe he just does not understand. 

If the patient does understand and still does not follow 
your instructions, it may be that your rapport with the 
patient is not good. And if that is the case, then for mutual 
benefit, the patient should probably be referred to another 
physician. It remains, even in these circumstances, our 
duty to continue to explain to the patient even why he 
should, for his own benefit, be cared for by someone else, 
someone who he can trust and with whose instructions he 
will comply. 

PauL E. Romano, MD 
Gainesville, Fla 


1. Muirhead JF: Patient cooperation instead of compliance. Arch Oph- 
thalmol 1936;104:1587. 


Patient Compliance vs Cooperation 


To the Editor.—In Dr Muirhead's! letter in the ARCHIVES, 
he objects to the word compliance when used to describe 
the extent to which a patient carries out a physician’s 
treatment orders. He cites as evidence for this criticism 


the definition from Random House Dictionary of the 
English Language, “a tendency to yield readily to others, 
especially in a weak and subservient way.” Dr Muirhead 
then recommends the expression “patient cooperation” 
rather than compliance. 

One of us (L.A.), as an author who has used the term 
patient compliance,’ initially felt uneasy about Dr Muir- 
head’s objection. No doubt other writers on this subject 
likewise were disturbed. However, permit us to put fellow 
authors at ease. According to the oldest (1961) standard 
reference dictionary in the American language, Webster’s 
Third New International Dictionary of the English Lan- 
guage, Unabridged, compliance is also defined as *confor- 
mity in fulfilling formal or official requirements.” 

Other authors likewise have dealt with meanings of the 
word compliance. For example, in discussing the problems 
of pilocarpine administration for glaucoma, Kass and 
associates’ review various definitions of compliance in the 
sense of “taking a drug or treatment as directed by a 
health professional.” One is “the extent to which patients’ 
behavior . .. coincides with the clinical prescription." They 
cite synonyms adherence, therapeutic alliance, follow- 
through, fidelity, acceptance, and participation, and also 
include cooperation. 

Failure to comply with the physician’s orders may carry 


serious or even fatal consequences. A mild term such as 


cooperation might imply a corollary, physician's sugges- 
tions rather than orders. Tacit recognition by the physician 
of the patient's right to make decisions should not be 
allowed to obscure the grave, formal nature of the profes- 
sional relationship. 
LEONARD APT, MD 
ALAMADA B. BARRETT, MA 
Los Angeles 


1. Muirhead JF: Patient cooperation instead of compliance. Arch Oph- 
thalmol 1986;104:1587. 

2. Apt L, Henrick A, Silverman LM: Patient compliance with use of 
topical ophthalmic corticosteroid suspensions. Am J Ophthalmol , 
1979;87:210-214. 

3. Kass MA, Meltzer DW, Gordon MO: The compliance factor, in Drance 
SM, Neufeld AH (eds): Glaucoma: Applied Pharmacology in Medical 
Treatment. Orlando, Fla, Grune & Stratton, 1984, p 537. 


CORRECTION 


Incorrect Word.—In the article titled “Extended-Wear Lenses, Biofilm, and 
Bacterial Adhesion,” published in the January ARCHIVES (1987;105:110-115), a 
sentence contained an incorrect word. On page 110, in the third column, the 


sentence beginning on the 11th line should have read: “Microbial colonization of 
substrata is accomplished by a sequence of events that is dependent on 
environment fluid graphics, flow rates, surface charge, van der Waal’s effect, 
hydrophobic interactions, and, ultimately, proteinaceous and/or polysaccharide 


s» 


adhesins.! 
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surgical 
procedures of 
choice. 


| When performing today's 


most exacting corneal sur- 
gical procedures, your 
instruments need to be as 
flawless as your techniques. 


Precision Surgery. 
The new titanium Bausch & 
Lomb Fyodorov"" Microme- 
ter Diamond Knife — » 
assures you exact 
control over your 
gem blade's cutting 
depth. 

Blades are avail- 
able in three styles. 
Single-edge and E 
double-edge down- A 
cut (optical center # 
to limbus), or 
single-edge up- 
cut (limbus 
to optical 
center). 






















































Hand-polished footplates 
are extra narrow to min- 
imize corneal deformation. 
Allow improved visualiza- 
tion of the incision. 

An auxiliary nosepiece 
and gauge block are stan- 
dard with each surgical 
knife. No lengthy delays for 
replacement or sharpening. 

Ergonomic design puts 
precision at your fingertips. 
























Precision Marking. 
In demarcation of the 
cornea, there’s no room for 
error. That’s why we offer 
precision Fyodorov™ 
Corneal Markers. Each is 
machined from a solid piece 
of titanium using computer- 
controlled lathes. Satin 
finish reduces glare under 
the microscope. 
Components are modu- 
lar: each piece fits onto a 
universal handle. Makes 
storage compact. Available 
individually or in complete 
sets. 
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il | 4 To learn more about the 
Bausch & Lomb total 





Precision Fixation. 


Our selection of fixation 
instruments immobilizes 
the sphere during surgery. 

For the discriminating 
surgeon, we offer a variety 
of stainless-steel conjunc- 
tival forceps. 

Available individually, or 
in a complete set. 


Precision Planning. 
But what is precision 
without predictability? 

That's why Bausch & 
Lomb is introducing a 
unique predictive 
software program. 
Think of our EyeTrax™ 
Fyodorov RK module 
as your personal 
consultant for 
procedural planning. 

It stores your 
patients’ clinical 
data. Accepts 
your own 
procedural 
preferences as input. Does 
the tedious pre-op calcula- 
tions for you. Then suggests 
optimal procedures and 
predicts their outcome. And 
modifies your protocol. 
This is the only inter- 

active package that lets you 
build your own data base 
case by case. Enabling you 
to refine your procedures 
over time. 

Ask for our free demon- 


stration disk to see it at work 


in your own office. 


system of precision instru- 
ments and predictive 
software—or to place an 
order—call the Bausch & 
Lomb Surgical Products 
Division today. 

EyeTech. High tech- 
nology for the ophthalmic 
profession. 


1-800-828-9030 


In the continental U.S. 


1-800-462-1720 
In New York 


1-800-828-6291 


In Alaska or Hawaii 


BAUSCH & LOMB @) 


ine aea pa ~ 
Surgical Produets Division 


1400 North Goodman Street 
Rochester, NY 14692 


© 1987 Bausch & Lomb Incorporated 


Bausch & Lomb ®, EyeTrax and Fyodorov 
are trademarks of Bausch & Lomb Incorporated. 
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He remembers when his son announced 
he wanted to be a fireman. Then, a cowboy... 
and a baseball player. 

Finally, a doctor like his dad. 

This year, their shared dream came true 
as he joined his father’s practice. 

A family tradition begins. 

A professional tradition continues as one 
more ophthalmologist relies on Blephamide for 
treatment of non-specific conjunctivitis. 


bDLEPHAMIDE* 


(sulfacetamide sodium 10%, prednisolone acetate 0.2%) 
Liquifilm* sterile ophthalmic suspension 
see adjacent page for brief prescribing information. 


AlleRGAN® 
<> 


Allergan Pharmaceuticals, Inc., Irvine, CA 92713 
© 1986 Allergan Pharmaceuticals, Inc. 
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DLEPHAMIDE* 


(sulfacetamide sodium 1095, 
prednisolone acetate 0.2%) 
Liquifilm® sterile ophthalmic suspension 


For Conjunctivitis * 


INDICATIONS AND USAGE: A steroid/anti-infective com- 
bination is indicated for steroid-responsive inflammatory ocular 
conditions for which a corticosteroid is indicated and where bac- 
terial infection or a risk of bacterial ocular infection exists. 

Ocular steroids are indicated in inflammatory conditions of 
the palpebral and bulbar conjunctiva, cornea, and anterior seg- 
ment of the globe where the inherent risk of steroid use in cer- 
tain infective conjunctivitides is accepted to obtain a diminution 
in edema and inflammation. They are also indicated in chronic 
anterior uveitis and corneal injury from chemical, radiation, 
thermal burns, or penetration of foreign bodies. 

The use of a combination drug with an anti-infective compo- 
nent is indicated where the risk of infection is high or where 
there is an expectation that potentially dangerous numbers of 
bacteria will be present in the eye. 

The particular anti-infective drug in this product is active 
against the following common bacterial eye pathogens: 
Escherichia coli, Staphylococcus aureus, Streptococcus pneu- 
monia, Streptococcus (viridans group), Pseudomonas species, 
Haemophilus influenzae, Klebsiella species, and Enterobacter 
species. 

This product does not provide adequate coverage against: 
Neisseria species and Serratia marcescens. 
CONTRAINDICATIONS: Epithelial herpes simplex keratitis 
(dendritic keratitis), vaccinia, varicella, and many other viral 
diseases of the cornea and conjunctiva. Mycobacterial infection 
of the eye. Fungal diseases of the ocular structures. Hypersen- 
sitivity to a component of the medication. (Hypersensitivity to 
the antimicrobial component occurs at a higher rate than for 
other components.) 

The use of these combinations is always contraindicated after 
uncomplicated removal of a corneal foreign body. 
WARNINGS: Prolonged use may result in glaucoma, with 
damage to the optic nerve, defects in visual acuity and fields of 
vision, and posterior subcapsular cataract formation. Prolonged 
use may suppress the host response and thus increase the hazard 
of secondary ocular infections. In those diseases causing thin- 
ning of the cornea or sclera, perforations have been known to 
occur with the use of topical steroids. In acute purulent condi- 
tions of the eye, steroids may mask infection or enhance existing 
infection. If these products are used for 10 days or longer, intra- 
ocular pressure should be routinely monitored even though it 
may be difficult in children and uncooperative patients. 

Employment of a steroid medication in the treatment of 
herpes simplex requires great caution. 

A significant percentage of staphylococcal isolates are com- 

pletely resistant to sulfa drugs. 
PRECAUTIONS: The initial prescription and renewal of the 
medication order beyond 20 milliliters should be made by a 
physician only after examination of the patient with the aid of 
magnification, such as slit lamp biomicroscopy and, where 
appropriate, fluorescein staining. 

The possibility of fungal infections of the cornea should be 

considered after prolonged steroid dosing. 
ADVERSE REACTIONS: Adverse reactions have occurred 
with steroid/anti-infective combination drugs which can be 
attributed to the steroid component, the anti-infective compo- 
nent, or the combination. Exact incidence figures are not avail- 
able since no denominator of treated patients is available. 

Reactions occurring most often from the presence of the anti- 
infective ingredient are allergic sensitizations. The reactions 
due to the steroid component in decreasing order of frequency 
are: elevation of intraocular pressure (IOP) with possible devel- 
opment of glaucoma, and infrequent optic nerve damage; pos- 
terior subcapsular cataract formation; and delayed wound 
healing. 

Secondary Infection: The development of secondary infec- 

tion has occurred after use of combinations containing steroids 
and antimicrobials. Fungal infections of the cornea are particu- 
larly prone to develop coincidentally with long-term applications 
of steroid. The possibility of fungal invasion must be considered 
in any persistent corneal ulceration where steroid treatment has 
been used. 

Secondary bacterial ocular infection following suppression of 
host responses also occurs. 


*nonpurulent bacterial conjunctivitis 


AllgRGAN® 


Allergan Pharmaceuticals, Inc., Irvine, California 92713 
©1986 Allergan Pharmaceuticals, Inc. 


FACULTY POSITIONS AVAILABLE 
DEPARTMENT OF 
OPHTHALMOLOGY 
SCHEIE EYE INSTITUTE 


Presbyterian-University of Pennsylvania 
Medical Center 


The University of Pennsylvania School of 
Medicine, Department of Ophthalmology, 
invites applications for full-time faculty 
positions beginning on or about July 1, 
1987. 


We are seeking a full-time Board-certified 
ophthalmologist in Neuro-Ophthalmology 
who has completed fellowship training and 

has post-fellowship clinical experience. 


A Board-certified, fellowship-trained 
Retinal-Vitreous ophthalmologist with both 
clinical and research interests. 


For the General Ophthalmology Service, a 
Board-certified individual with a sub- 
specialty interest and fellowship training. 


The University of Pennsylvania is an equal 
opportunity employer. For each academic 
position, salary is commensurate with 
experience and qualification. Please submi! 
a letter of application together with a 
curriculum vitae and bibliography to: 


Theodore Krupin, M.D. 
Professor and Acting Chairman 
Department of Ophthalmology 
Scheie Eye Institute 

51 North 39th Street 
Philadelphia, PA 19104 


FACULTY POSITIONS 
AV AILABLE 


The Department of Ophthal- 
mology at the University of 
South Carolina invites applica- 
tions for faculty positions in the 
following subspecialties: Neurc- 
Ophthalmology, Pediatric Oph- 
thalmology, Oculoplastics, and 
Ophthalmic Pathology. Aca- 
demic rank and salary based 
upon qualifications. Send CV 
and inquiries to: 


James G. Ferguson, Jr., M.D. 
Professor and Chairman 
Department of Ophthalmology 
University of South Carolina 
Four Richland Medical Park 
Suite 100 
Columbia, SC 29203 





Topcon’s new computerized lensmeter: 
complete accuracy...in an instant. 


Perfect lens alignment and measure- 
ment can now be yours in seconds 
with Topcon's new super-fast CL-1500 
lensmeter. Its all-new microprocessing 
system offers eye-care professionals 
unparalleled ease and speed in obtain- 
ing critical lens data in all measuring 
modes—from soft lenses to progres- 
sives and beyond. And thanks to 
Topcon's unique lens scale, even the 
most inexperienced technician can 
accurately measure progressive 
lenses. 

Built into this new, compact lens- 
meter is lopcon's renowned tradition 
for long-term reliability. For added 
convenience, the CL-1500 also has a 
printer that instantly delivers hard 
copy testing results. And there's a 
built-in drawer for accessories. For 
complete versatility, the CL-1500 is 
capable of interfac- CHRGM REE Es 
ing with acomputer. IS 

To take a long 
look at the super- 
fast CL-1500, contact 
your Topcon dealer 
or write us for more 
details. 


-AOD 


Unique lens scale simpli- 
fies progressive power 
measurements. 


The Topcon 


CL-1500 


Computerized Lensmeter. 


Technology from within 
producing excellence throughout. 


lopcon Instrument Corporation of America, 
65 West Century Road, Paramus, N | 07652 (201) 261-9450 
Western Regional Oftice: 
325 N. Wiget Lane, Walnut Creek, CA 94598 (415) 947-4800 
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Case Reports are subject to editorial review and will be published as space and editorial priorities permit. They 
will be listed by author and title in the table of contents, and authors and subjects are indexed by the major 


indexing services. 


Contributions to this section ordinarily do not exceed 500 words in length. There should be a maximum of three 
references. Two figures or one figure plus one table can be printed. 
The typescript should be double-spaced with a ragged right-hand margin and submitted in triplicate. A 
copyright transmittal letter signed by all authors must accompany the letter. Please refer to “Instructions for 
Authors” for additional requirements. 


Congestive Heart Failure From 
Betaxolol 


To the Editor.—Betoptic (betaxolol 
hydrochloride) is a cardioselective 8- 
adrenergic receptor blocking agent 
recently released in the United States 
for ophthalmic use in the control of 
glaucoma. The package insert states 
that “ophthalmic betaxolol has mini- 
mal effect on pulmonary and cardio- 
vascular parameters.”' It is further 
stated in the insert that “Betoptic® 
ophthalmic solution has had little or 
no effect on heart rate or blood pres- 
sure in clinical studies” but that “cau- 
tion should be observed in treating 
patients with a history of cardiac fail- 
ure.” We herein report a case of a 
patient with well-compensated sick- 
sinus syndrome who experienced 
decompensation with the use of 
Betoptic. 


Report of a Case.—An 80-year-old man 
with long-standing chronic open angle 
glaucoma was seen, with the following 
ocular findings: intraocular tensions of 
persistently 20 to 25 mm Hg, cup-to-disc 
ratios of 0.85 in each eye, and visual fields 
that showed dense superior arcuate defects 
in each eye. His glaucoma medication was 
3% carbachol, one drop in both eyes three 
times daily. He also had a medical history 
of previous congestive heart failure with 
atrial fibrillation and a slow ventricular 
response (sick-sinus syndrome), which was 
well compensated with the use of digoxin, 
0.125 mg orally every day, and metolazone, 
5 mg orally once a week. 

Because of the advertised “oculospecific” 
nature of Betoptic, it was elected to try this 
agent for additional intraocular pressure 
control. The patient was sent to his cardi- 
ologist and on evaluation was found to be 
clear of any pulmonary rales or evidence of 


failure, with an electrocardiogram-docu- 
mented ventricular response of 64 contrac- 
tions per minute. He was placed on a 
regimen of Betoptic (0.5% betaxolol hydro- 
chloride), one drop in each eye twice daily, 
and was given instructions of proper drop 
usage to minimize systemic absorption. 
Beginning the next day and continuing 
over the next week, his physical condition 
worsened, and at ten days after beginning 
use of Betoptic, he had gross pitting edema 
of his ankles and wet rales half way up his 
lungs, was suffering from severe shortness 
of breath and nocturnal dyspnea, and had 
an electrocardiogram ventricular response 
of 30 contractions per minute. He was 
treated in the office with 40 mg of intrave- 
nous furosemide (Lasix). Betoptic therapy 
was discontinued; as an outpatient, over 
the next two days, he recovered and main- 
tained his normal energy, clear breathing, 
and ventricular response of 66 contractions 
per minute. 


Comment.—Although drug levels 
were not determined for betaxolol or 
digoxin, the clear temporal relation- 
ship found in the addition of betaxolol 
therapy with worsening of the conges- 
tive heart failure, followed by removal 
of the betaxolol therapy with 
improvement of the congestive heart 
failure, is persuasive evidence for the 
cause-effect relationship. This is the 
first known reported case of life- 
threatening cardiac 8-blockade with 
the proper ophthalmic dosing of 
betaxolol in the treatment of glauco- 
ma. 

Previous experience with topical 
ophthalmic  betaxolol in patients 
without cardiac histories? has found 
none of the significant cardiovascular 
effects on blood pressure and pulse 
found with topical ophthalmic timolol 
maleate.’ Betaxolol has greater lipid 
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solubility and greater plasma protein 
binding than timolol, leading to the 
belief that betaxolol would have 
increased ocular penetration and 
decreased free drug in the blood- 
stream. It has been suggested that 
"there is insufficient active drug in 
the blood after ocular administration 
of betaxolol to cause a measurable 
cardiac effect.” 

Our patient, with a history of well- 
compensated congestive heart failure 
secondary to atrial fibrillation, expe- 
rienced a progressive f,-blockade- 
induced slowing of ventricular re- 
sponse and reappearance of clinical 
heart failure with the use of ophthal- 
mic betaxolol. This case reinforces 
that, as with timolol, extreme caution 
must be taken with the use of betaxo- 
lol and other new ophthalmic 8-block- 
ers when used in a patient in whom 
cardiac 6-blockade presents a signifi- 
cant risk to health. The warnings and 
cautions listed in the package insert 
should be heeded, and if the drug is 
employed, patients should be warned 
that any worsening of their general 
health should be brought to their phy- 
sician's immediate attention. 

STUART BALL, MD 
New Orleans 


Reprint requests to LSU Eye Center, 2020 
Gravier St, Suite B, New Orleans, LA 70112 (Dr 
Ball). 


1. Betoptic (betaxolol hydrochloride) package 
insert. Ft Worth, Tex, Alcon Laboratories Inc, 
revised November 1985. 

2. Atkins JM, Pugh BR Jr, Timewell RM: Car- 
diovascular effects of topical 8-blockers during 
exercise. Am J Ophthalmol 1985;99:173-175. 

3. Berry DP, Van Buskirk EM, Shields MB: 
Betaxolol and timolol: A comparison of efficacy 
and side effects. Arch Ophthalmol 1984;102:42- 
45. 


Case Reports 





M c NE C nuo 
Bilateral Total Occlusion During 

tae Critical Period of 

Visual Development 





To the Editor.—Research has clearly 
decumented that a blurred retinal 
image (image distortion) occurring 
during the critical period of visual 
development eauses functional and 
anatomical damage to the central 
visual pathways, resulting in im- 
paired vision, ie, amblyopia. In 
humans, the critical period extends 
from birth to approximately 2 months 
of age. Bilateral, symmetrical image 
distortion during this time results in 
bilateral amblyopia, as is seen in 
patients with high hypermetropia and 
bilateral congenital cataracts. Unilat- 
eral image distortion is even more 
amblyogenic, as exemplified by the 
poor postoperative visual results in 
patients born with monocular opaci- 
ties in the optical media. There has 
been controversy as to whether uni- 
lateral amblyopia occurs secondary to 
a lacx of light stimulus or secondary 
to image distortion. Animal studies! 
clarified the situation by showing that 
unilateral total light deprivation or 
unilaseral image distortion resulted in 
amblyopia. In contrast to the detri- 
mental effects of unilateral total light 
deprivation and unilateral or bilateral 
image distortion, other studies? have 
shown that bilateral light deprivation 
or dark-rearing prolongs the critical 
period of visual development without 
inducing significant amblyopia. Here- 
in, we report a case in which bilateral 
light oeclusion was prescribed during 
the critical period of visual develop- 
ment te prevent amblyopia. 

Report of a Case.—A 2-day-old polycy- 
themie infant was found to have bilateral 
total hyphemas, presumably related to 
birth trauma. In the first week of life, the 
bleod clots blocked both pupils. The hyphe- 
mas slowly resolved without corneal blood 
staining but with residual dense vitreous 
hemorrhages in both eyes. At four weeks of 
age, the mfant was referred to one of us 
(K.W.W.) for management of persistent 
vitreous hemorrhages. At this time, no 
retinal details could be visualized. Ultra- 
sound rewealed bilateral, dense vitreous 
hemorrhages but no evidence of retinal 
disease. Bilateral total occlusion was pre- 
scribed tc prevent amblyopia until the 
hemorrhages spontaneously resolved. A 
coverlet eye occluder and a white patch 
were place! over each eye and secured with 
a Kerlix (gauze) wrap. The parents were 
extremely eompliant, and the patches were 
worn 1009» of the time, even during sleep. 
After 17 days of continuous patching, the 
vitreous hemorrhages resolved, and a clear 
view of the fundus was obtained in each 
eye. At this point, use of the patches was 
discontinued. 
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Multiple follow-up visits established not 
only progressive improvement in visual 
acuity but also the development of an 
intermittent esotropia. The most recent 
examination at age 3 years 8 months 
revealed a visual acuity of 20/30 OU, as 
determined by Allen cards, with central 
precise fixation and no nystagmus. An 
intermittent esotropia of 25 prism diopters 
at near and 18 PD at distamce was present. 
Titmus stereo acuity was nil, but Worth 
four-dot testing revealed peripheral fu- 
sion. Results of funduscopic examination 
were normal in both eyes, and cycloplegic 
refraction was  +1.25+0.25x90° OU. 


Glasses were prescribed, and the parents 


were informed as to the possibility of 
strabismus surgery. 


Comment.—Dense vitreous hemor- 
rhage in the newborn is thought to be 
very amblyogenic, as it causes severe 
image distortion during the critical 
period of visual development. Bilater- 
al vitrectomy was initially considered 
and was in fact recommended by 
excellent retinal consultants. Bilater- 
al occlusion was selected, however, to 
avoid the possible surgical complica- 
tions of vitrectomy. 

Animal studies have shown almost- 
normal visual recovery after even pro- 
longed dark-rearing,? but there has 
been relatively little in the literature 
regarding bilateral occlusion in 
human infants. Hoyt? reported no 
apparent adverse visual effect in 
patients who underwent one to ten 
days of bilateral occlusion during the 
neonatal period for protection against 
bilirubin lights. Our case supports the 
evidence that relatively saort-term 
bilateral light deprivation does not 
cause abnormal monocular visual 
development and allows for substan- 
tial visual recovery without signifi- 
cant amblyopia. During the critical 
period of visual development, this 
child had one week of hyphemas 
blocking both pupils and 17 days of 
light deprivation by bilateral patch- 
ing. Despite this period of light depri- 
vation, central fixation developed 
along with normal visual acuity. 
Regarding the child's subsequent 
development of an intermittent eso- 
tropia, it is interesting that conver- 
gent strabismus also develops in dark- 
reared kittens after a period of visual 
recovery. Because the child in this 
report had mild hypermetropia and a 
family history of strabismus, it is 
impossible to determine whether the 
acquired esotropia was related to the 
bilateral occlusion. 

Short-term bilateral total light 
occlusion may be clinically useful to 
extend the critical period of visual 
development in human infants. This 
method provides time for clearing of 
the visual axis in cases of ocular hem- 


orrhage resulting from birth-related 
injuries, as in this case. Bilateral 
patching would help prevent the 
development of dense amblyopia in 
the case of congenital cataracts, for it 
would provide time for surgical inter- 
vention and contact lens fitting. 
KENNETH W. WRIGHT, MD 
MALCOLM J. WEHRLE 
PAUL T. UnREA, MD 
Los Angeles 


1. Von Noorden GK, Crawford MLJ: The 
effects of total unilateral occlusion vs lid suture 
on the visual system of infant monkeys. Invest 
Ophthalmol Vis Sci 1981;21:142-146. 

2. Cynader M, Berman N, Hein A: Recovery of 
function in cat visual cortex following prolonged 
deprivation. Exp Brain Res 1976;25:139-156. 

3. Hoyt CS: The long-term visual effects of 
short-term binocular occlusion of at-risk neo- 
nates. Arch Ophthalmol 1980;98:1967-1970. 


Eye Injury During ‘War Games’ 
Despite the Use of Goggles 


To the Editor.—It was with great 
interest that we read the case report 
by Drs Ryan and Lissner! regarding 
eye injuries during “war games.” Of 
particular interest was the fact that 
there have been no reported injuries 
to the eyes when the participant has 
been wearing protective eye gear. We 
recently treated a patient in whom 
significant ocular injury occurred 
when protective eye gear was worn. 


Report of a Case.—A 24-year-old man 
presented for treatment ef a paint pellet 
injury to the right eye that occurred while 
playing the war game Survival. He stated 
that he was wearing the safety goggles 
that were provided for his use and that he 
was standing on a hill when his assailant 
fired upward from a range of approximate- 
ly 10 to 15 yd. The paint pellet struck the 
inferior portion of the goggles, driving the 
right goggle over the orbital rim and into 
the globe. 

At the time of presentation, the patient’s 
best corrected visual acuities were 20/200 
and 20/30—1. The patient stated that he 
had had normal visual acuity in both eyes 
prior to the injury, when visual acuity in 
both eyes was corrected with contact 
lenses. He was wearing his contact lenses 
at the time of the injury. The intraocular 
pressure in the right eye was 27 mm Hg. 
External examination revealed eechymosis 
and edema of the right lower lid. There was 
no evidence of a fracture, and infraorbital 
nerve sensations were intact and symmet- 
rical. 

Extraocular movements were full. The 
pupils were equal, round, and reactive to 
light, with no evidence of a Marcus Gunn 
pupil. Slit-lamp examination showed the 
conjunctiva of the right eye to be hyper- 
emic. There was no evidence of a conjuncti- 
val laceration or subeonjunctival hemor- 
rhage. The anterior chamber was deep, 
with a 3+ cellular response, and no evi- 
dence of hyphema was noted. Vitreous 
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hemorrhage was noted. Funduscopic exam- 
ination revealed commotio retinae involv- 
ing the right macula and inferior macular 
area, with an arcuate intraretinal hemor- 
rhage skirting the inferior edge of the 
fovea. There was a large retinal tear at the 
6:30-o'clock position near the equator, with 
associated intraretinal and  preretinal 
hemorrhage. A secondary zone of commo- 
tio retinae was noted nasal to the optic 
nerve, posterior to the equator. 

The patient was hospitalized and care- 
fully observed. Two days after the injury, 
it was noted that with adequate settling of 
the hemorrhage there was no evidence of 
significant vitreal traction on the retinal 
tear. Surgical intervention was deemed 
unnecessary. The patient was discharged 
on a regimen of prednisolone acetate four 
times a day for persistent cellular response 
in the anterior chamber. 

Two weeks following the injury, there 
was still no evidence of significant vitreous 
traction on the tear. Examination of the 
macular region revealed a foveal cyst. His 
acuity at this time remained at 20/200. One 
week later the cyst had resolved, leaving 
only retina pigment epithelium disruption 
in the foveal avascular zone. The visual 
acuity had improved to 20/40+3, and the 
retinal tear was stable, with early pigmen- 
tary response around it. At eight weeks 
following the patient’s injury, there was 
excellent pigment response around the 
area of the tear. The tear itself had self- 
sealed without any cryotherapy or laser 
treatment, and the patient’s visual acuity 
was 20/25+2. Some residual vitreous hem- 
orrhage remained inferiorly. 


Comment.—As stated by Drs Ryan 
and Lissner, eye injuries secondary to 
war games have been reported previ- 
ously. In all the cases they cited, pro- 





Fig 1.—Right optic disc demonstrating inferior gliosis and pigment 
crescent one year following injury. Retinal hemorrhages recur from 
aberrant fibrovascular connective tissue healing defect after laser 
treatment. 


tective eye gear was not worn, which 
led them to conclude that the goggles 
that are used in the game most likely 
provide adequate protection to the 
participants. As the injury to our 
patient demonstrates, this is not the 
ease. Further modification of these 
goggles is necessary to provide com- 
plete protection from paint pellets. 
PHILIP L. MARTIN, MD 
JEROME J. MAGOLAN, JR, MD 
Raleigh, NC 


1. Ryan EH Jr, Lissner G: Eye injuries during 
‘war games.’ Arch Ophthalmol 1986;104:1435- 
1436. 


Optic Nerve Avulsion 


To the Editor.—The occurrence and 
recognition of acute partial or total 
optic nerve avulsions have been docu- 
mented in the literature since 1901.! 
The mechanisms postulated for these 
events remain unclear despite recent 
techniques for evaluation, including 
fluorescein angiography, ocular ultra- 
sonography, computed tomography, 
orbital and cranial arteriography, 
neurosurgical exploration, and post- 
mortem dissection. There have only 
been ten reports in the recent litera- 
ture in which an acute traumatic 
event led to partial or total optic 
nerve avulsions; all of these condi- 
tions were studied by fluorescein 
angiography.” 

We report herein a case of partial 
optic nerve avulsion in which the 
diagnosis was difficult because the 


artery. 
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peripapillary retina (arrows), 


acute causative event was not readily 
identified. 


Report of a Case.—An 18-year-old man 
was referred for evaluation of a right optic 
disc anomaly thought to represent ar optic 
nerve pit or coloboma, a combined hamar- 
toma of the retinal pigment epithelmm, or 
optic atrophy of unknown cause. 

Visual acuity was 20/25 OD and 20/20 
OS. Intraocular pressures were 12 mm Hg 
OD and 18 mm Hg OS. Examinatior of the 
anterior segment revealed minimal sub- 
luxation of the right lens superomasally. 
The remainder of the pertinent Endings 
were confined to the posterior segment. 
Mild gliosis and pallor of the inferetempo- 
ral disc were noted, along with a pigment 
crescent. There was sheathing along the 
inferotemporal artery and mild retinal 
striae into the macular area (Fig i). Fluo- 
rescein angiography confirmed the attenu- 
ated blood flow in the distributien of the 
sheathed artery. A superior visual field 
defect corresponded to the area ef retinal 
and optic disc involvement. Findings of an 
examination of the left eye were normal. 

Pertinent history dated back one year 
when the patient was struck over the right 
brow by a thumb while playing basketball. 
He noted a sudden loss of vision to count- 
ing fingers in the right eye. He was hospi- 
talized at the University of Minnesota 
Hospitals, Minneapolis, for evaluation and 
treatment. A vitreous hemorrhage in the 
right eye settled overnight and permitted 
visualization of a “hole” involving the low- 
er temporal optic disc, peripapillary retina, 
and sclera; severing of the inferotemporal 
artery (Fig 2), which led to the vitreous 
hemorrhage, was also noted. To prevent 
the development of a retinal detachment, 
laser photocoagulation was directed 
around the hole. Ancillary tests, including 
orbital and ocular polytomograms, did not 





Fig 2.—Right disc one year before (at time of initial rauma) and one 
day after settling of vitreous hemorrhage. Note ‘‘ho!s’’ in optic disc, 


and avulsed inferc-emporal retinal 
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reveal masses or bony abnormalities. One 
month later, visual acuity had improved to 
20/25 OD, with subsequent increase in the 
pigmentation and gliosis around the 
treated area. A visual field defect corre- 
sponded to the abnormal optic disc find- 
ings. 


Comment.—Eartial or total avul- 
sions of the eptic nerve following 
trauma have been well documented in 
the literature. Four major theories 
have been postulated to explain these 
events: (1) direc: trauma to the globe, 
optic nerve, or orbit; (2) "shearing 
force-vascular cisruption," resulting 
in damage to the pia at the optic canal 
or orbital opeaing; (3) increased 
intraocular pressure, resulting in 
tearing at the lamina or sclera; and (4) 
foca! or diffuse vasospasm in the optic 
nerve, with or wi hout associated vas- 
cular occlusion, resulting in visual 
loss after (minor) head trauma. These 
theories are basec on pure hypothesis, 
results of neurosurgical or postmor- 
tem exploration, or reports in the 
literature describing fluorescein an- 
giographic and/or ophthalmic find- 
ings. 

The present case was unsual in that 
a complete tear nvolved the optic 
nerve and adjacent peripapillary reti- 
na and sclera. Direct trauma as the 
acute event was only later elicited by 
history and records obtained from the 
patient’s previous injury. We postu- 
late that a shearing force caused tear- 
ing, stretching, amd torsion of the 
nerve and its blocd supply in that 
area. 

The present case emphasizes the 
importance of documenting all optic 
nerve injuries. Disruption of the com- 
plex vaseular supply and anatomy of 
the optie nerve and peripapillary area 
from an acute injury can lead to optic 
atrophy with or wichout connective 
tissue filling a defect if the nerve is 
completely torn. It is also important 
to realize that minor head trauma can 
be an easily overlooked factor in the 
evolution of optic ner-e avulsions. The 
differential diagnosis of unilateral 
optic atrophy in otherwise healthy 
young adults shoule include optic 
nerve avulsion. The findings of secto- 
ral optie disc pallor and a pigmented 
crescent should alert the clinician to 
trauma as a possible eause. 

MEIM-: CHANG, MD 
Albary, NY 


Davir E. Eirric, MD 
Chape Hill, NC 
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Rieger’s Anomaly and Glaucoma 
Associated With Partial Trisomy 16q 





To the Editor.—Eye abnormalities, 
excluding congenital glaucoma and 
goniodysgenesis, are commonly found 
in syndromes associated with chromo- 
somal  aberrations. Herein, we 
present a patient with partial trisomy 
16q, as identified through chromo- 
some analysis on lymphocyte culture 
technique, who also had Rieger’s 
anomaly and congenital glaucoma. To 
our knowledge, such a case has not 
been reported previously. 


Report of a Case.—A female infant 
weighing 2200 g was born to a 29-year-old, 
gravida 4, para 2 mother. The maternal 
history is significant in that the infant was 
conceived after administration of clomi- 
phene therapy. The pregnancy was termi- 
nated at 41 weeks’ gestation by emergency 
cesarean section because of fetal distress. 
The infant was meconium stained and 
required resuscitation with oxygen to ini- 
tiate spontaneous respirations. 

Physical examination at birth disclosed 
a prominent forehead, closed sutures, and 
nonpalpable fontanelles. The palpebral fis- 
sures were small with an antimongoloid 
slant, the interpupillary distance was 45 
mm (97th percentile), and the inner can- 
thal distance was 25 mm (97th percentile). 
The child had generalized hypotonia, 
hyporeflexia, low-set ears, a long philtrum, 
a high-arched palate, a partial bifid 
tongue, micrognathia, clinodactyly, and an 
abnormal perineum with anterior dis- 
placement of a hypoplastic anus. 

The patient was noted to have mild 
bilateral corneal haziness shortly after 
birth and a detailed eye examination was 
performed at 1 week of age. This examina- 
tion disclosed mildly hyperemic conjuncti- 
vas bilaterally with mild corneal stromal 
edema. The corneal diameter was 11 mm 
horizontally and vertically in the right eye 
and 10 mm horizontally and vertically in 
the left eye. The anterior chamber was 
shallow in both eyes and a prominent, 
anteriorly displaced Schwalbe’s line was 
present with dense iris processes inserted 
for 360°. The anterior surface of the iris 
was feathery, and anterior stromal atro- 
phy was present bilaterally with square 
pupils. The intraocular pressure under 
anesthesia was 28 mm Hg OD and 24 mm 
Hg OS. The optic discs disclosed a large, 
central, somewhat triangular cup with a 
cup-to-disc ratio of 0.6 bilaterally. Retinal 
vessels appeared to emerge from the discs 
normally and foveal reflexes were dimin- 
ished. 

The patient subsequently underwent 
trabeculotomy in the right eye followed by 
the same procedure in the left eye one week 
later without complications. Both corneas 


were noted to be clear postoperatively. 
However, the patient had numerous sys- 
temic problems and died at approximately 
3 months of age. The parents refused a 
postmortem examination. 

Chromosome analysis on lymphocyte 
culture disclosed that the patient was tri- 
somic for most of the long arm of chromo- 
some 16 and monosomic for the telomere of 
the short arm of chromosome 6. The 
patient's mother was a balanced reciprocal 
translocation carrier of 6-16. 


Comment.—' The connection be- 
tween Rieger's anomaly and the chro- 
mosomal rearrangement in our pa- 
tient might merely have been fortu- 
itous or it may well have been 
produced by the chromosomal aberra- 
tion. One can only speculate at this 
point since not enough cases of triso- 
my 16q have been reported to derive a 
definitive phenotype. 

The prominent ocular findings pre- 
viously reported with trisomy 16q 
include narrow palpebral fissures, 
antimongoloid slant, hypertelorism, 
strabismus, and epicanthus.? To our 
knowledge, Rieger’s anomaly and con- 
genital glaucoma have not been 
reported previously in association 
with trisomy 16q. The diagnosis of 
Rieger's anomaly suits this patient 
well, and although she had definite 
facial bone abnormalities, her symp- 
toms did not fit the classic picture of 
Rieger's syndrome. 

Mesodermal dysgenesis is also asso- 
ciated with trisomy 13-15 that may 
involve the central cornea as well (Pe- 
ters' anomaly). Obviously, no specific 
chromosome can be implicated in the 
aberrant development of the anterior 
chamber angle and iris. A variety of 
different chromosomal abnormalities 
are sufficient to upset the delicate 
genetic balance required for normal 
development of the anterior segment 
of the eye. 

JAMES G. FERGUSON, JR, MD 
ELINOR LYNN Hicks, MD 
Columbia, SC 
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235. 

3. Hoepner J, Yanoff M: Ocular anomalies in 
trisomy 13-15: An analysis of 13 eyes with two 
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Primary Congenital Glaucoma in a 
Patient With Trisomy 2q(q33— ater) 
and Monosomy 9p(p24->pter) 


To the Editor.—With recent develop- 
ment of chromosome-banding tech- 
niques, several patients with congeni- 
tal glaucoma due to a chromosomal 
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Fig 1.—G bands by trypsin using Giemsa stain in patient 1. Arrow indicates derivative 


chromosome 9. 


abnormality have been described." 
Though primary congenital glaucoma 
(PCG) has been considered to be an 
autosomal-recessive trait, clinical ex- 
aminations have demonstrated that 
the glaucoma of such patients had the 
characteristics of PCG. We recently 
encountered a boy with both PCG and 
a chromosome abnormality. 


Report of a Case.—The patient, born at 
42 weeks' gestation and weighing 3500 g, 
was the third child of healthy parents. He 
- was first seen by us at 119 days of age. 
Intraocular pressure in each eye was 50.62 
mm Hg, as measured by a Schiótz tonome- 
ter with the patient under anesthesia. The 
corneas of both eyes were hazy, with a 
rupture of Descemet's membrane. The hor- 
izontal and vertical diameters of the cor- 
nea were 13 mm and 12.5 mm, respectively, 
in each eye. Anterior chambers were deep 
enough and both irides showed high inser- 
tion to the angle. The lens, vitreous, and 
fundus were all normal, bilaterally. The 
disc in each eye was pale. The cup-to-disc 
ratios in the right and the left eyes were 
0.8 and 0.6, respectively. 

Trabeculectomy was performed in both 
eyes when the patient was 5 months of age. 
Consequently, both eyes required a second 
and third trabeculectomy. The right eye 
needed four more operations. After the 
latest operations, the intraocular pressure 
in both eyes was kept below 20 mm Hg by 
the topical administration of pilocarpine 
hydrochloride. Though the visual acuity 
could not be examined because of the 
patient's severe psychomotor retardation, 
he watched television. 

Clinical examinations disclosed the fol- 
lowing abnormalities: a square face; fron- 
tal bossing; bushy and arched eyebrows; 
hypertelorism; low-set and malformed 


ears; a short saddle nose with anteverted 
nostrils; a long and hypoplastic philtrum; 
a thin upper lip; hypospadias; an unde- 
scended right testis; a left inguinal hernia; 
a sacral dimple; short fingers; clinodactyly 
and single flexion crease of both fifth 
fingers; bilateral simian creases; muscular 
hypotonia; and severe psychomotor retar- 
dation. The patient could not control his 
head until 3 years of age and could not sit, 
stand without support, or speak until 7 
years of age. 

Chromosome analyses were performed 
on cultured peripheral blood lymphocytes 
from the patient, parents, and two broth- 
ers. The patient's karyotype showing G 
bands obtained by trypsin and Giemsa 
stain was 46,XY, -—9, +der(9), t(2;9) 
(q33;p24) (Fig 1). Thus, the patient had 
both a partial trisomy 2q(q33-*qter) and a 
partial monosomy 9p(p24— pter) The 
mother and the eldest brother with hypo- 
spadias were balanced translocation carri- 
ers (46,XX[or XY], t[2;9] [q33;p24]) (Fig 2). 
Karyotypes of the father and the healthy 
other brother were normal. 


Comment.—The eye abnormalities 
in our patient were consistent with 
those for PCG or are clinically indis- 
tinguishable from PCG. It is most 
likely that this patient's manifesta- 
tions, including the eye anomaly, 
are attributed to the trisomy 
2033—qter? Among 15 reported cases 
of 293 trisomy, no patients had PCG.’ 
The karyotypes of the patients with 
congenital glaucoma that was PCG or 
was indistinguishable from PCG clini- 
cally were different, indicating no 
common or confined abnormality 
among them.'? There is no phenotype 
(PCG)-karyotype correlation. 
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Fig 2.— Partial karyotypes of patient (1) and 
his mother (2). Arrows indicate break points. 


It is certain that PCG is etiological- 
ly heterogeneous. In most cases, PCG 
is a single-gene disorder with an auto- 
somal-recessive? or an X-linked mode 
of inheritance, while in a small por- 
tion of cases it is a developmental 
defect that is etiologically multifacto- 
rial, eg, viral infections (rubella) and 
various chromosome aberrations. 

HARUMI KatTsusHIMA, MD 
TOSHIAKI Kir, MD 

KEIKO Soma, MD 
KAZUHIKO OnvANAGI, MD 
Sapporo, Japan 

Norio Nikawa, MD 
Nagasaki, Japan 
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Ophthalmologists on Front Line in Treating AIDS Patients 


BETHESDA, MD—As che acquired immunodeficiency syndrome 
(AIDS) epidemic continues to spread, ophthalmologists are 
increasingly likely to »ncounter the difficult and often tragic 
ocular coasequences of AIDS and AIDS-related complexes. 

“The majority of AILS patients will have one or more ophthal- 
mic disorders during the course of their illness," according to 
Gary M. Holland, MD, of the AIDS Unit of the UCLA Uveitis 
Center a* the Jules Stein Eye Institute. Diseases of the retinal 
vessels, infections, tumors, and neuro-ophthalmie abnormalities 
are among the AIDS-related disorders that may affect the eye.' 
"None is amique to AIL S," said Holland, “but some were so rare 
prior to their associatien with AIDS that most ophthalmologists 
had never seen them previously." Speaking at a seminar spon- 
sored by Research to Frevent Blindness in Bethesda in October, 
Holland «iscussed some of the manifestations the ophthalmolo- 
gist is likely to encounter in treating AIDS-related diseases, as 
well as a promising therapy for treating AIDS-related retinopa- 
thy. 


CCTTON-WOOL SPOTS 


Fluffy white patches that develop in the retina are the most 
common ephthalmic manifestation of AIDS, occurring in at least 
twe thircs of all AIDS patients. These lesions—easily seen on 
ophthalmic examinaticn— may also be found in patients with 
diabetes, uncontrolled aigh blood pressure, and other diseases, 
such as lupus. In AIDS, they are caused by ischemia resulting 
from danzage to the ret nal capillaries; the cause of the capillary 
damage, which occurs in virtually all cases of AIDS, is still 
unknown. Retinal hemorrhages are less frequent signs of this 
- vascular disorder. 


INFECTIONS 


Opportanistic infecti»ens of the eye are the most serious oph- 
thalmie complication ir patients with AIDS. Infectious agents so 
far identified in the eye include viruses (herpes simplex virus, 
cytomegalovirus [CMV 4, bacteria (Mycobacterium avium-intra- 
cellularey. fungi (Cryptecoccus neoformans, Histoplasma capsula- 
tum), anc parasites (T»roplasma gondii). Infections of the con- 
junctiva and cornea alse are common. Because an infection in the 
eye will produce noticeable symptoms soon after it develops, 
changes in vision may »e the first manifestation of an infectious 
process taking place throughout the body. 

Cytomegalovirus retinopathy is the most common opportunistic 
infection of the eye in patients with AIDS, affecting between 25% 
and 45% of AIDS patierts. Most adults have been exposed to CMV 
during their lifetime, but in healthy persons the virus causes no 
serious disease. During the first years of the AIDS epidemic, 
patients m whom CMV retinopathy developed invariably became 
blind if taey survived fr any length of time after the infection 
began. Treatment with currently available antiviral agents (acy- 
clovir anc vidarabine) and immunomodulating agents (a-interfer- 
on, y-interteron, and interleukin 2) has not been successful in 
controllirz CMY retinopathy in patients with AIDS. 


EXPERIMENTAL TREATMENT FOR CMV RETINOPATHY 


Hollane reported the findings of a study conducted at the Jules 
Stein Eye Institute to test a recently developed experimental 
antiviral drug, ¢-(2-hydroxy-1-(hydroxymethy])ethoxyme- 
thyl]guamne (BW B759U, Burroughs Wellcome Co, Research 
Triangle Park, NC, now called ganciclovir) in the management of 
CMV retinopathy. The complete report of the study by Holland 
and colleagues? at UCLa appeared in the December 1986 issue of 
the ARCHIVES. 

Twenty patients seen at the Jules Stein Eye Institute, UCLA, 


Michael D Springer, Sectien Editor 
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with progressive, sight-threatening CMV retinopathy (encroach- 
ment on the optic nerve head or macula) were selected for 
treatment with ganciclovir in doses ranging from 5.0 to 14.0 
mg/kg/d for a ten- to 20-day course. In 19 patients (95%), 
treatment halted the progress of infection and decreased retinal 
opacification, hemorrhage, and vasculitis; vision remained stable 
in most cases. The only serious side effect was reversible neutro- 
penia. Retinal disease was reactivated in all patients who did not 
receive maintenance therapy immediately after initial treatment, 
indicating persistence of live virus. Treatment must therefore 
continue indefinitely. This poses some difficulties, since the drug 
can only be administered intravenously, which requires use of 
indwelling catheters and the assistance of visiting nurses. Intra- 
vitreal administration has also been reported. 

Nationwide, more than 800 patients have been treated with BW 
B759U, with results similar to those of the UCLA group. This 
therapy is the first significant advance in the treatment of CMV 
infections, preventing or delaying the onset of blindness and 
improving the quality of life for many AIDS victims. 


NEURO-OPHTHALMIC ABNORMALITIES 


Diplopia, visual field loss, papilledema, and blurring of vision 
may signal the presence of life-threatening lesions in the brain in 
patients with AIDS. Early recognition of neuro-ophthalmic symp- 
toms may result in more successful management of brain tumors 
and infections in AIDS victims. 


HIV AND THE EYE 


None of the eye disorders associated with AIDS is known to be 
caused directly by human immunodeficiency virus (HIV). Howev- 
er, HIV has been isolated from ocular tissues and has been 
identified in cells on the surface of the eye; it has also been found 
in tears. Some have expressed concern that HIV—and thus 
AIDS— theoretically could be transmitted to patients by trans- 
plantation of corneas from infected donors and by instruments 
that become contaminated with the virus during eye examina- 
tions. No evidence exists that such transmission has ever occurred, 
Holland said. However, the ophthalmie community has moved 
rapidly to establish procedures to minimize the risk to their 
patients. Chief among these is disinfection of all instruments and 
devices that contact a patient's eye. Bleach, alcohol, or hydrogen 
peroxide are used to clean tonometer tips and contact lens fitting 
sets between patient visits. Care must be taken to avoid tech- 
niques that might damage delicate instruments! or leave residues 
that might harm ocular tissues with which they come in contact. 
Gloves are worn while performing ophthalmic examination of any 
patient who is tearing excessively, and hands are washed between 
all patient visits. The Eye Bank Association of America now 
requires that blood from all cornea donors be screened at the time 
of death for the presence of antibodies to HIV. Tissue from all 
antibody-positive donors is rejected. 

By identifying the early ocular manifestations of AIDS, by 
treating painful and blinding ocular conditions, and by using 
precautions against possible transmission of HIV, ophthalmolo- 
gists are playing a vital role in combating the spread of this deadly 
syndrome. 

MICHAEL SPRINGER 

(Editor's Note: For further coverage of the Research to Prevent Blindness 
seminar, consult the MEDICAL NEWS AND PERSPECTIVES section of JAMA, Feb 
22. 1987.) 


l. Holland GN, Pepose JS, Pettit TH, et al: Acquired immune deficiency 
syndrome: Ocular manifestations. Ophthalmology 1983;90:859-872. 

2. Holland GN, Sakamoto MJ, Hardy D, et al: Treatment of eytomegalo- 
virus retinopathy in patients with acquired immunodeficiency syndrome. 
Arch Ophthalmol 1986;104:1794-1800. 

3. Key CB, Whitman J: Alcohol soaking damages applanation tonometer _ 
heads. Arch Ophthalmol 1986:104:800. 
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News and Comment 


Department Chairman Announced.— 
The State University of New York, 
Buffalo, has announced the appoint- 
ment of William H. Coles, MD, as the 
new chairman of the Department of 
Ophthalmology. Prior to moving to 


. Buffalo, Dr Coles served on the facul- 


ty of the Louisiana State University 
Medical School, New Orleans; Medi- 
eal University of South Carolina, 
Charleston; and, most recently, Emo- 
ry University, Atlanta. 





William H. Coles, MD 


RPB Announces Awards.—Research 
to Prevent Blindness has announced 
the appointment of eight senior scien- 
tific investigators and two research 
professorships. The following physi- 
cians received senior scientific inves- 
tigator awards of $40000: Douglas R. 
Anderson, MD, University of Miami 
School of Medicine; Dean Bok, PhD, 
UCLA; Henry F. Edelhauser, PhD, 
Medical College of Wisconsin, Mil- 
waukee; Joe G. Hollyfield, PhD, Cul- 
len Eye Institute, Baylor College of 
Medicine, Houston; Ronald E. Smith, 
MD, University of Southern Califor- 
nia School of Medicine, Los Angeles; 
Abraham Spector, PhD, College of 
Physicians and Surgeons, Columbia 
University, New York; and Mark O. M. 
Tso, MD, University of Illinois College 
of Medicine, Chicago. 

Julie L. Sehnapf, PhD, and Wolf- 
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gang Baehr, PhD, received Research 
Scientist Awards of $50000 per year 
for five years. 

Nominations for Special Scholar 
Awards may be submitted through 
the department or division chairman 
in ophthalmology to David F. Weeks, 
President, Research to Prevent Blind- 
ness, 598 Madison Ave, New York, NY 
10022, by March 1, 1987. 


Ophthalmic Plastic Surgeons Maintain 
List.—The American Society of Oph- 
thalmic Plastic and Reconstructive 
Surgery maintains a list of members 
and current fellows who are seeking 
positions in this subspecialty. This list 
is provided on request. Inquiries will 
be handled confidentially and can be 
forwarded to Gerald J. Harris, MD, 
Eye Institute, 8700 W Wisconsin Ave, 
Milwaukee, WI 53226. 


Faculty Appointment Announced.— 
Martha Gilmore Farber, MD, has 
been named chief of the Ophthalmic 
Pathology Service at the Scheie Eye 
Institute, Department of Ophthalmol- 
ogy, University of Pennsylvania Medi- 
cal School, Philadelphia. Dr Farber 
comes to Philadelphia from the Oph- 
thalmic Pathology Laboratory at 
Washington University, St Louis. 


Faculty Appointment Announced.— 
Jeffrey Robin, MD, has joined the 
faculty of the University of Illinois 
Eye and Ear Infirmary in Chicago as 
codirector of the Cornea Service. Dr 
Robin was previously on the faculty of 
the Cornea Service of the University 
of Southern California, Los Angeles. 


Jeffrey Robin, MD 
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Helpline Offers Aid to Nation’s Elde 
ly.— More than 140000 elderly Amer 
cans have sought help through tl 
National Eye Care Project (NEC 
since the program was introduced 
January 1986. Sponsored by the Fou 
dation of the American Academy 
Ophthalmology and ophthalmolo; 
societies in all 50 states, the NECP is 
publie service offering medical ej 
care to the disadvantaged elderly | 
no out-of-pocket cost. Persons ov 
age 65 years who are not current 
under the care of an ophthalmologi 
can call a toll-free Helpline (1-80 
222-EYES). They will be referred 
local volunteer eye physicians (mo 
than 7000 nationwide) for examin 
tion for and possible treatment 
sight-threatening disorders. 

"The purpose of this outreach se 
vice is to find elderly citizens w! 
don't have a regular eye physician ai 
who may well have significant, oft: 
blinding eye disease," said B. Thom 
Hutchinson, MD, associate clinic 
professor of ophthalmology at Ha 
vard Medical School, Cambridg 
Mass, and chairman of the Acaden 
project. 

“We want elderly people to kn« 
that failing eyesight in their lat 
years can be prevented or lessen 
through early diagnosis and tre: 
ment," said Merrill Greenberger, M 
president of the Illinois Association 
Ophthalmology. Greenberger stress 
the need to alert elderly persons tot 
need for periodic medical eye exan 
nations to detect potentially blindi 
diseases such as glaucoma. 

To date, calls to the Helpline ha 
resulted in more than 92000 referra 
About 34% of those patients eventu: 
ly examined reported that they h 
never received a comprehensive me 
cal eye examination. Another 2( 
reported that they had not had th 
eyes examined in more than f 
years. 


WILSON, Warren Andrew, 77; Pasa: 
na, Calif; University of Southern C: 
fornia School of Medicine, 1936; re 
dency, Los Angeles County-Unive1 
ty of Southern California Medi 
Center, 1939; certified by the Am« 
can Board of Ophthalmology; d 
April 25, 1986. 
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Book Reviews 


Edited by Daniel M. Albert, MD 


The Eye and Its Disorders in the Elderly, 
edited by F. | Caird and John Williamson, 175 pp, 
with illus, Bristol, England, Jokn Wright & Sons Ltd, 
1986, $30. 


The ever-increasing number of 
elderly persons has spawned a genera- 
tion of geriatric specialists, who 
might be expected to be most 
attracted to this book. But internists, 
ophthalmelogists, family practition- 
ers, nurses, and health planners also 
may find interesting and valuable 
informatien in this litle book. 

This colleetion of 15 brief chapters 
suffers some disunity from its 17 
authors. The epidemielogic material 
and the emphasis in general reflect 
conditions in the United Kingdom and 
the United States. Selected references 
are provided. Most of tae illustrations 
are well dene, but six af the figures in 
the 15 coler plates are poor. 

The editors appropriately point out 
how diffieult it is to find satisfactory 
statistics for blindness and for preva- 
lence of important eye disorders 
afflicting the elderly. The available 
data target macular disease, glauco- 
ma, cataracts, myopic degeneration, 
and diabetic retinopathy as leading 
causes of blindness in tne elderly. The 
term elderly is left vague and unde- 
fined. Pseudophakic bullous keratopa- 
thy could have been diseussed but was 
only mentioned as a major indication 
for penetrating keratoplasty. 


“Geriatricians, other than oph- 
thalmologists, will profit most 
from owning this boek.” 


Chapter 2, “Pathology of the Ageing 
Eye," by Eagle and Yanoff, is a good 
description of some basc cytopatholo- 
gic processes. The paragraphs on opa- 
cification of the ocular media and 
death and dysfunction of the photo- 
sensory system are best. The excellent 
photomicrographs in this chapter will 
be more meaningful te ophthalmolo- 
gists than to other reacers. 

Marmor's chapter 3, “Visual 
Changes With Age,” focuses on the 
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multiple qualities of vision that are 
adversely affected by age in addition 
to simple decline of Snellen visual 
acuity, namely, contrast sensitivity, 
spatial perception, adaptation, color 
vision, and motor acuity. 

Rennie and Davidson do a good job 
describing examination of the eye in 
the elderly, emphasizing the need to 
dilate pupils and to measure the 
intraocular pressure. A few state- 
ments are mildly controversial, for 
example, “In the absence of suggestive 
symptoms such as diplopia, testing 
the ocular movements is prebably 
unnecessary.” Postoperative diplopia 
problems can sometimes be antici- 
pated based on preoperative muscle 
balance testing. The benefits of test- 
ing visual acuity under conditions of 
glare or poor contrast were over- 
looked. There was no mention ef uti- 
lizing the potential acuity meter or 
laser interferometer to assess macu- 
lar function through opaque media. 

Williamson’s chapter, “Common 
External Eye Diseases in the Elder- 
ly,” features keratoconjunctivitis sic- 
ca and briefly discusses scleritis, epis- 
cleritis, and common lid and lacrimal 
disorders. A few irrelevant para- 
graphs on uveitis and other disorders 
were included. Touching on basal and 
squamous cell tumors of the eyelid, 
Williamson may nettle radiothera- 
pists by his statement, “There is no 
place for irradation [sic] of these 
tumours since deleterious involve- 
ment of the eye is virtually certain." 
He does admit, however, that spread 
of the tumors to the lacrimal sac and 
ethmoid sinuses “may warrant radio- 
therapy.” 

Chapter 6 “The Aging Lens,” by 
Dudgeon and chapter 7, “Cataract,” 
by Crombie provide good summaries 
of the biochemistry and pathophysiol- 
ogy of the aging lens plus a very 
compressed overview of cataracts, 
mainly of interest to the nonophthal- 
mologist. Phillips, in his chapter 8, 
“Intraocular Pressure in Glaucoma,” 
may astonish ophthalmologists by his 
statement, “Around one third of the 
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total glaucoma population have the 
angle closure type,” since traditional 
series quoted in the United States 
generally have estimated a much low- 
er figure. 

Two errors describing illustrations 
of glaucomatous field defects deserve 
mention. The first is typographical; a 
typical nasal step defect is termed a 
“basal step.” The second error, a use 
of confusing colloquialisms, charac- 
terizes the end-stage constricted field 
of a patient with glaucoma as “tube 
field” or “tunnel vision.” Granted that 
patients may describe their vision this 
way, such terms in a medical text con- 
fuse the concept of the true geometry 
of this advanced glaucoma field, which 
is conical and not cylindrical. The term 
tube field should be reserved for func- 
tional disorders such as hysteria. 

In the description of treatment for 
angle closure glaucoma, one wonders 
why oral osmotic agents such as iso- 
sorbide are not at least mentioned as 
useful in the initial treatment. 

Schilling, discussing macular de- 
generation in chapter 9, rightly high- 
lights treatable macular disease, 
labeling the exudative variety associ- 
ated with subretinal neovascular 
membranes as ophthalmologic emer- 
gencies sometimes amenable to photo- 
coagulation. Having said that, it is 
regrettable that the author did not 
urge all physicians to acquaint their 
elderly patients with the Amsler grid 
and instruct them to seek prompt 
ophthalmologic attention should 
metamorphopsia occur. 

The chapter on diabetic retinopathy 
by Kennedy and Caird is well written 
but suffers from some outdating. 
Studies cited range from 1973 to 1983. 
The Early Treatment Diabetic Reti- 
nopathy Study (ETDRS) was not 
included although it was referenced 
with hope that it would provide an 
answer to the question of the value of 
early photocoagulation for selected 
cases of preproliferative diabetic reti- 
nopathy. That question has now, of 
course, been answered affirmatively 
by the latest ETDRS report. 
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Barrie's comments on retinal vascu- 
lar disease help to dispel existing con- 
fusion about the clinical findings in 
combined hypertensive and arterio- 
sclerotic retinopathy. 

Chawla is both lucid and lyrical in 
his chapter “Displacements of the 
Retina." Those with a passion for 
English will appreciate his style and 
forgive the supercompression of this 
massive segment of ophthalmology 
into seven brief pages. 

Meadows discusses “ischemic papil- 
lopathy" (ischemic optic neuropathy), 
which is common in the elderly; optic 
neuritis, which is rare; and compres- 
sion of the optic nerve, which may 
occur at any age. As expected, there is 
nothing new here, but the ascendancy 
of the computed tomographic scan, 
the decreasing requirement for carot- 
id angiography and the virtual extinc- 
tion of the pneumoencephalogram are 
noted. Absent is mention of the prac- 
tical potential expected from magnet- 
ic resonance imaging, particularly in 
demyelinating disease. 

To compress “Neuro-ophthalmolo- 
gy in the Elderly" into 13 brief pages 
was Ashworth's fate in chapter 14. He 
selects some interesting observations 
on the pupil, adds a nice summary on 
ocular myasthenia, and finishes with 
a section on lesions of the posterior 
visual pathway, illustrated by good 
computed tomographic scans. 

Wilson concludes the book with the 
chapter, “Social Aspects of Blindness 
in Old Age.” It is regrettable that the 
section on low-vision aids is so brief. 
The discussion on services for the 
blind, blind registration, and financial 
benefits relates to conditions in the 
United Kingdom. This is an under- 
standable but significant flaw for 
“foreign” readers, such as US physi- 
cians, who must look elsewhere for 
this practical information. 

In summary, this book concisely 
describes the particular disorders 
most often responsible for visual loss 
in the elderly. Geriatricians, other 
than ophthalmologists, will profit 
most from owning this book. Ophthal- 
mologists who purchase this book 
may, after reading it, choose to donate 
it to their hospital library or to an 
internist friend. 

ROLAND E. HouLE, MD 
Quincy, Mass 


Frontiers in Neuroscience, vol 3, Evoked 
Potentials, by Roger Q. Cracco and lvan Bodis- 
Wollner, 564 pp, New York, Alan R. Liss Inc, 1986, 
$96. 


This book is a collection of 49 inde- 
pendent articles systematically orga- 


nized and published as volume 3 in a 
series of books entitled Frontiers in 
Neuroscience. All of the articles 
reflect current trends in research on 
electrical (and magnetic) responses 
that are detectable noninvasively 
from the surface of the human body 
by appropriate stimulation, ie, evoked 
responses. This area of research 
depends on the use of electronic com- 
puters because they can increase the 
signal-to-noise ratio sufficiently to 
detect these relatively small signals, 
usually a few microvolts or less. The 
book includes research representing 
all major neurologic systems in which 
this approach is clinically useful at 
present— visual, auditory, somatosen- 
sory, vestibular, motor, and perceptu- 
al systems. 

All of these responses depend on the 
type of stimulus used, and stimulation 
is especially sophisticated in vision 
research. Three distinctly different 
types of visual stimuli are now being 
used: (1) brief flashes, usually full 
field or ganzfeld; (2) flashing spots of 
light, usually in trying to examine 
macular function; and (3) alternating 
patterns, usually stripes, often sinu- 
soidally modulated in brightness on 
an oscilloscope or television display. 
The latter method emphasizes the 
response of the visual system (retina 
and/or higher pathway) to local 
changes in contrast. The latter can be 
correlated with visual acuity, an 
important clinical parameter. In par- 
tieular, the so-called contrast sensi- 
tivity function, which reveals both the 
high- and low-frequency spatial (or 
temporal) resolution of the visual sys- 
tem, can be obtained by evoked 
responses and compared with the 
same function determined by subjec- 
tive methods. At present, the contrast 
sensitivity function obtained by 
evoked response detection is not as 
sensitive as that obtained by subjec- 
tive methods. It may have use, howev- 
er, in young children when subjective 
methods are impossible. Flash stimuli 
have the advantage of being very sim- 
ple and quick to deliver; the value of 
such stimuli is far from exhausted in 
clinical neurophysiology, but their 
use receives little emphasis in the 
book. 


*...the book provides a rich 
collection of current research in 
the science of human evoked 
potentials." 


Two important areas are considered 
in which evoked response detection 
could provide a new approach to 
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important clinical problems in oph- 
thalmology. One is the possibility to 
sense and follow loss of visual func- 
tion in glaucoma. The use of pattern 
evoked electroretinograms (detectable 
from the lower lid) and brain 
responses (detectable from the scalp 
over occipital cortex) to examine 
visual loss in early glaucoma is 
described. One gets the impression 
from the articles devoted to this prob- 
lem that the technique is not yet as 
sensitive as are more standard meth- 
ods, ie, visual perimetry, but has 
promise for the future. I would have 
liked to have seen studies of advanced, 
moderate, and early visual loss from 
glaucoma, documented by standard 
perimetry, compared with evoked 
response methods. By this means, a 
better assessment of the dynamic 
range of the electrophysiologic ap- 
proach could be more exposed and its 
ultimate sensitivity inferred by 
extrapolation. Amblyopia is another 
clinical area in which evoked 
responses could have potential clinical 
value. Again, it still lacks the sensitiv- 
ity of subjective testing, such as a 
Snellen chart measurement of acuity, 
but could become useful in young chil- 
dren in whom subjective testing is 
difficult or impossible. Several other 
topics in vision are considered in indi- 
vidual articles, but they are of more 
experimental rather than clinical val- 
ue. One concerns the detection of 
abnormal visual decussation of the 
optic nerve fibers in albinism, and the 
other concerns possible retinal 
changes detectable in parkinsonism, 
due presumably to levodopa deficien- 
cies. 

Nonvisual evoked response research 
receives considerable exposure in this 
book. In audition, there had been a 
major breakthrough compared with 
vision research. It has become possi- 
ble to examine function not only at 
the beginning of the system (ie, the 
inner ear) by cochlear microphonic 
responses and its end at auditory cor- 
tex but also in between, where 
responses of brain-stem structures, 
such as the auditory nerve, cochlear 
nucleus, and colliculus, are now 
detectable. This provides an objective 
way of locating the site of an abnor- 
mality in the auditory pathway. 
Again, the use of auditory evoked 
potentials is especially valuable in 
assessing function in young children. 

Somatosensory evoked response 
research has a distinct advantage over 
the other sensory systems because the 
transmission pathway is very long, 
from the tips of one’s toes and fingers 
to cerebral cortex providing many dif- 
ferent sites to explore the flow of 
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neural information toward the brain, 
which has facilitated the use of this 
approach in neurologic diagnosis. This 
opportun:ty has led to an interesting 
discovery. the "far field" potential, 
which, because it appears to be lo- 
cated at a point relatively distant to 
the recording electrode, remains rela- 
tively stationary in time compared 
with the signals that travel past the 
input electrodes on their way to the 
brain. An interesting recent extension 
of somatosensory evoked response 
detection to the pundendal nerve was 
highlighted in this book. By electrical 
stimulation of either the penis, ure- 
thra, or rectum, function in a variety 
of neural pathways important in geni- 
tourinary dysfunction can be identi- 
fied and examined from peripheral 
loci to spinal cord and cerebral cor- 
tex. 

The book includes a number of 
unique examples of evoked response 
detection methods to what must be 
considered experimental rather than 
clinical applications. It was shown 
that it is possible to generate motor 
efferent signals, by strong but brief 
electrical pulses delivered transcuta- 
neously over motor cortex, which can 
later be detected by recording elec- 
trodes ever the spinal cord, a most 
remarkable phenomenon that opens 
up the efferent pathways to electro- 
physiolegic examination. It is also 
possible te record evoked responses of 
the brain following vestibular stimu- 
lation and to record changes in mag- 
netic flux generated by synchronous 
neural activity arising after visual 
stimulation. Higher mental activity 
can also-be assessed by means of brain 
potentials, which suddenly appear 
when there is some unique change in 
the sensory input, the "event-related 
potential." This potential appears, for 
example, when a different tone is 
heard among a repetitive sample of 
the same tone, ie, a break in monoto- 
ny. Such electrical manifestations of 
higher crder mental action could con- 
ceivably be used to probe such func- 
tions as attention, memory, or intelli- 
gence. 

All in ail, the book provides a rich 
collection of current research in the 
science of human evoked potentials. It 
has a few handicaps, as is usual in a 
publication that reflects a sympo- 
sium, which generally contains unre- 
fereed articles that require awkward 
juggling to fit into some coherent 
order. This book is a symposiumlike 
publication, with much less coherence 
than that of a single-authored book. 
In addition, the selection process left 
out many major laboratories in visual 
evoked response research, which gives 
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this book too parochial an outlook for 
a reference source. With these reser- 
vations, I can still recommend the 
book mainly to those research oph- 
thalmologists or neurologists who are 
now or are planning to be actively 
engaged in this type of research. It is 
not a book for a clinician who simply 
wishes to become up to date in this 
field but does not have a hands-on 
knowledge of the subject. 

PETER GourAs, MD 

New York 


Basic Neuroscience: A Structural and Func- 
tional Approach, ed 2, by Adel K. Afifi and Ronald 
A. Bergman, 601 pp, with illus, Baltimore, Urban & 
Schwarzenberg, 1986, $24.50. 


The field of neuroscience has been 
growing at an extraordinary rate, and 
this is yet another book that attempts 
to synthesize the current knowledge 
in a relatively small paperback vol- 
ume. Drs Afifi and Bergman certainly 
have the credentials and perspective 
for such an enterprise. As expected 
from the title, the emphasis is on 
basic neuroscience, and the approach 
is structural and functional, but to use 
the authors’ own words (in the pref- 
ace), the book is “not exhaustive.” 
Although the book never specifically 
claims to be about human neurosci- 
ence, Dr Afifi’s background as a neu- 
rologist clearly influences the per- 
spective of this book, as it emphasizes 
human neuroanatomy whenever pos- 
sible. 


“.. the book is too elementary 


for the serious student of neuro- 
science." 


The organization of the topics is 
approached in a traditional way. 
There are 22 chapters. Chapters 1 
through 3 are introductory, and chap- 
ters 4 through 11 concern an ascen- 
dance from the spinal cord through 
the brain stem and finally into the 
cerebral cortex. Subsequent chapters 
deal with particular systems and 
functions. Thus, the first half of the 
book emphasizes structure, and the 
second half emphasizes function. The 
chapters on structure are much stron- 
ger than those on function. 

The primary virtue of this book is 
the clarity of the writing. In addition, 
there are numerous excellent figures 
that schematically depict neuroanato- 
my. Several of the illustrations pro- 
vide effective three-dimensional per- 
spectives. Unfortunately, the bibliog- 
raphies at the end of each chapter are 
skimpy. On the average, there are 


about nine references (and as few as 
one). Moreover, in some instances, 
critical references have been omitted. 
Specifically, it is remarkable that 
there is no reference to Sperry in the 
section on "Cerebral Lateralization." 
There are inaccuracies throughout the 
text that appear to result from the 
authors' intent to be at once compre- 
hensive and concise. There are also a 
few inaccuracies that cannot be 
attributed to oversimplification. For 
example, the figures in chapter 3 are 
all given with incorrect magnifica- 
tions that imply that the entire 
human brain extends less than four 
inches in anteroposterior content! 
One suspects that the publisher may 
have reduced the size and not cor- 
rected the magnification given in the 
legend. 

This volume places little emphasis 
on the research aspects of neuroana- 
tomy. However, several other, more 
research-oriented books are available. 
Also, this volume does not take on the 
extremely difficult task of trying to 
explain clinical syndromes. 

Essentially, this book is addressed 
to the beginning student in the neuro- 
sciences and should prove to be partic- 
ularly valuable for medical students 
and for graduate students in a related 
field who wish to brush up on the 
neurosciences. The anatomical illus- 
trations and the atlas section at the 
end of the book are very useful for 
teaching purposes. However, the book 
is too elementary for the serious stu- 
dent of neuroscience. Moreover, the 
book has very little to say to the visual 
scientist. There are only ten pages 
devoted to a review of the visual sys- 
tem! This material should already be 
well known by a first-year ophthal- 
mology resident. 

The book appears to have been 
designed to be read as a course text, 
and as such it does a good job: it is 
easily read, it is well focused, and it 
resists tangential issues. However, it 
lacks the depth necessary for a good 
reference book, and it does not contain 
enough references to be a good start- 
ing point for further, in-depth pur- 
suits. 

The resident in ophthalmology as 
well as the ophthalmic practitioner 
will probably find few occasions to 
use this book as a direct or indirect 
reference source. However, despite 
these shortcomings, I can still recom- 
mend this as a well-written treatise 
that simplifies the complex anatomi- 
eal relations of the brain in such 
a fashion as to make it a pleasure to 
read. 

ALFREDO A. SADUN, MD 
Los Angeles 
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Conflicts of Interest and True Science 


he publication of scientific articles offers 

rewards to their authors, including personal 
publicity, currency for advancement in an academic 
system, support for future grant applications or 
renewals, and the personal satisfaction that comes 
with the advancement of knowledge. These all pro- 
vide appropriate motivations for investigative pur- 
suits. While these inducements may lead to bias in 
the gathering and presentation of information, they 
are assumed to be present by most readers and 
reviewers. Another form of inducement to publica- 
tion comes from a “proprietary” interest in the drug, 
instrument, device, or technique being studied. This, 
too, may create a bias or potential conflict of inter- 
est. The ARCHIVES has requested in the past that 
authors with a “commercial or proprietary interest” 
in a product indicate this in a footnote appended to 
submitted manuscripts. With this issue of the 
ARCHIVES, our instructions have been expanded to 
include disclosure of a financial interest owned by an 
author or his/her spouse, minor child, or blood 
relative living in the same household, or one known 


to be held by the author's employer or partner. These 
inclusions are similar to the requirements for per- 
sonnel serving the US Food and Drug Administra- 
tion. 

Why have we changed our instructions? Do we 
believe that financial interest prevents one from 
producing honest and valid information, namely, 
true science? The answer is a definite »o. Reviewers 
and readers realize that financial motivation may 
play a role in honest investigational pursuit. Readers 
and reviewers, however, should be provided with this 
information so that they may add this to the other 
inputs that contribute to their own assessment of the 
quality of the work provided. It is unlikely that this 
requirement will significantly alter what we publish, 
but it may well assist the reader in his own qualita- 
tive assessment of the information before him. 
Potential conflicts of interest and true science can 
easily coexist, but they serve best when openly 
represented. 

JOEL SUGAR, MD 
Associate Editor 


Proprietary Statement.—If the article discusses in any way a device, equip- 
ment, an instrument, or a drug, the author(s) must state in a footnote whether 
they do or do not have any commercial or proprietary interest in the product. 
Likewise, they must reveal whether they have any financial interest as a 


consultant, reviewer, or evaluator. In addition, authors must disclose any 
financial interest owned by a spouse, minor child, blood relative living in the 
same household, or known to be held by the author’s employer, partner, or 
business associate. 
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Knowledge and Information 


transformation is occurring in the way we will 
gain access to information. Information avail- 
able from journals and books or at the library can be 
greatly enhanced by what we can obtain through 
electronic libraries in the home, office, or laboratory. 
The electronic library is an idea whose time has 
come, because it fills a need. What type of informa- 
tion is accessible? How easy is it to obtain? How do 
we do it? 

You are examining a patient with widespread 
retinitis in one eye for a week and a history of herpes 
simplex encephalitis treated two months previously 
with systemic acyclovir. In less than ten minutes, 
you have a list from MEDLINE of four articles 
describing herpes simplex encephalitis and retinitis 
in adults. The abstracts provide information about 
manifestations and treatment immediately useful 
for your patient's care, and you know which articles 
to obtain for more details. In 15 minutes you have a 
16-page report from the American Hospital Formu- 
lary Service detailing the chemistry, mechanisms of 
action, uses, dosage, and adverse effects of systemic 
acyclovir. Five minutes more from MEDLINE yields 
the intraocular dose, toxic reactions, and toxicity 
levels. 

You are planning to apply for funding for research. 
In five minutes you have a directory of granting 
foundations that might be interested in your 
research. In ten minutes you have a list of similar 
projects, with abstracts, currently funded by US 
granting agencies. When you need them, you find 
review articles and books in areas outside your 
expertise, unearth details about techniques, or check 
citations for accuracy. 

You would like to patent a new intraocular lens. In 
20 minutes you have copies of patents of intraocular 
lenses, and you find that none of the patents incor- 
porate your ideas. 

These are just three examples of a revolution that 
is occurring in the ease and speed with which clini- 
cians and researchers can obtain information (Table 
1) This information is available in databases. A 
database is an organized collection of information 
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Table 1.—Reasons to Search the Databases 


Clinical Examples 
Description of unusual diseases same day as encountered 
Immediate information about unfamiliar therapy 
Review articles on any topic 
Full text descriptions of drug: action, doses, adverse effects, etc 
Excerpts from full text descriptions of diseases or treatments 
Physicians' Desk Reference; review reference or request drug 

sample 
Toxicology of known substance 
List of books on a desired topic published since a certain date 
Book reviews 
Current disease and procedure terminology 
Practice management 
Ordering of copies of articles if library not near 
Location of city and address of an unfamiliar colleague 
Location of a company for contact or ordering 
Malpractice cases about certain treatments or diseases 

Research Examples 
References for a journal article 
List of articles by subject, author, key word, time frame, etc 
Review articles for an area of research 
List of articles detailing a certain research technique 
List of books on a topic 
Book reviews 
Arrangement for automatic update of a research area (by mail) 
Exact bibliographic citation to quote in an article 
Search of literature outside of medicine 
Search and abstracts of active grants 
List of granting agencies and the interests of the foundation 

Search and full text of patents 

Maintenance of curriculum vitae 

Address of supplier with unknown location 


































that can be searched, read, and recorded with the 
help of a computer. The power of this type of access 
is the wide variety of data available (Table 2) and the 
flexible techniques to individualize the search; the 
information is available precisely when you think of 
it and the way you want it. : 
As an example, MEDLINE is a database produced 
by the National Library of Medicine with close to 5 
million records from 1966 to the present from over 
3200 journals from more than 70 countries. MED- 
LINE can be searched by any word or combination of 
words in the title, abstract, or descriptors (standard- 
ized headings such as "therapy" or "review" and 
subheadings from a thesaurus of terms specific for 
MEDLINE). The search can be specified further by 
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Table Z — Categories and Databases of Interest to Clinicians 
and Researchers in Ophthalmology * 









Biograpies and Peopie 
Amesican Men and Women of Science [BRS; DIALOG] 
Mareum’ Who's Who [DIALOG] 

Bioscienzes 
BIOS; & PREVIEWS (BioSciences Information Service) [BRS; 

DIALOG] 
Dissertation Abstracts Online [BRS; DIALOG] 
Life Seences Collection [DIALOG] 
Sciseasch (Science Citation Index + Current Contents) [DIALOG] 


Books 
Book Review Index [DIALOG] 
Books a Print [BRS; DIALOG] 
MARC DIALOG] 
(Catesogued collections of the US Library of Congress, 
1897 present) 
Chemistry 
CA Seach (Chemical Abstracts) [DIALOG] 
Claims Uniterm [DIALOG] 
Computess and Engineering 
COMPENDEX (Computerized Engineering Index) [DIALOG; MDC] 
Computer Database [DIALOG; MDC] 
INSPECA Institute of Electrical Engineers) [BRS; DIALOG; MDC] 
Micrczcmputer Index [DIALOG] 
NTIS (National Technical Information Service) [BRS; DIALOG; MDC] 
ONLINE Micro-Software Guide and Directory [BRS] 
Databases 
Databas= of Databases (databases and vendors) [DIALOG] 
Electronie Yellow Pages 
(Professonals, Manufacturers, Retailers) [DIALOG] 
Generai Isformation 
Acadermc American Encyclopedia (BRS; CompuServe; DIALOG] 
Eneyclopaedia Britannica [MDC] 
Everyman's Encyclopedia [DIALOG] 
Government 
Congressional Record Abstracts (bills, public laws) [DIALOG] 
Federal ndex (federal documents, bills, court decisions) [DIALOG] 
Grants 
Federal Research in Progress [DIALOG] 
Founcaton Grants Index [DIALOG] 
Grants (Grants Information System) [DIALOG] 
Law 
Child 3bsse and neglect [DIALOG] 
Legal Resources Index [DIALOG] 
Medicine 
AMA / NET Disease Information [GTE] 
(Current Medical Infazmation and Terminology) 
AMA / NE? Medical Procedure Coding and Nomenclature [GTE] 
(Physr-ians' Current Procedural Terminology) 
COLLEASUE Quick Reference [BRS] 
Comprefe=nsive Core Medical Library [BRS] 
COLLEAGUE Full Text Books [BRS] 
COLLEASUE Full Text Journals [BRS] 
Conferer-e Papers Index [BRS] 
ExcerptaiMedica 
EMBASE (scientific and biomedical journals) [GTE] 
EMPIRES (subset of EMBASE for physicians) [GTE] 
Health Planning and Administration [BRS; DIALOG] 
Human Sexuality [CompuServe] 
MED!IS@ MDC] 
Caneer Literature 
Full Text Journals 
Uacmdes Archives of Ophthalmology) 
Full Text Textbooks 
Massachesetts General Hospital Health Education Network 
(continsing education) [GTE] 
MEDLINE (/ndex Medicus + Index to Dental 
Literstere + Internaticnal Nursing Index) [BRS; DIALOG] 
Medica! end Psychologieal Previews [BRS] 
Nursing and Allied Health [BRS; DIALOG] 
Physicians Data Query Cancer Information (PDQ) [BRS] 
PDO Cancer Information 
PDO Dsmectory of Physicians and Organizations 
PDQ Protocols 
Pharmacolegy 
AMA/ NET Drug Evaluations [GTE] 
AMA; NET Drug Therapy{GTE] 
Drug Information Full Text [BRS; DIALOG] 
Internatiosal Pharmaceutical Abstracts [BRS; DIALOG] 
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Table 2.—(cont) 


MEDIS [MDC] 
Newsletters from FDC and American Health Consultants 
Pharmacology Library 
PHYCOM (Physicians' Desk Reference) [GTE] 

Social Science 

AMA NET Socio/Economic Bibliographic Information [GTE] 

Druginfo and Alcohol Use and Abuse [BRS] 

National Rehabilitation Information Center [BRS] 

PsychINFO and PsychALERT (Psychological Abstracts) [DIALOG] 

Sociological Abstracts [BRS; DIALOG] 

Toxicology 

Chemical Exposure [DIALOG] 

Occupational Health and Safety [DIALOG] 

TSCA Initial Inventory (Toxic Substances Control Act Chemical 

Substances Inventory) [DIALOG] 

















* Brackets list database vendors. (See Table 3.) Parentheses contain descrip- 
tions. 


Table 3. —Database Vendors 


Bibliographic Retrieval Service (BRS), BRS; BRS After 








Latham, NY Dark; Medica! 
Colleague 
DIALOG, Palo Alto, Calif DIALOG; 
Knowledge 







Index 
MINET (AMA / NET) 





GTE Telenet Communications Corp, Medical 
Information NETwork, Reston, Va 


Mead Data Central (MDC), Dayton, Ohio 


CompuServe Information Service, Columbus, 
Ohio 





MEDIS 
Paper Chase 







author, subject, year of publication, journal, lan- 
guage, and affiliation of the first author. By easily 
learned combinations with the Boolean connecting 
terms “and,” “or,” and “not,” search terms or con- 
cepts can be joined to include or exclude articles in 
order to provide a list of manageable size specific for 
the information you seek. The citations in MEDLINE 
usually contain the abstract, which may be suffi- 
ciently informative by itself, or can indicate whether 
the full text should be obtained. 

Articles can be copied at the library or ordered 
on-line (by computer over the telephone line). Arti- 
cles from the ARCHIVES and the other AMA specialty 
journals and the Journal of the American Medical 
Association are available in full text in the MEDIS 
service from Mead Data Central. From databases on 
BRS, you can also search, examine, and retrieve full 
text information from textbooks and some jour- 
nals. 

Certainly you can have a librarian do your search. 
But then you are restricted to the time that knowl- 
edgeable people are available at the library, you may 
not have the results for days, your search may not be 
exactly what you want, and the nearest medical 
library may be hours away. The advantages of doing 
the search yourself are that it is immediate, you 
direct it and tailor it yourself, and it is available 
where you are. 

The databases are most efficiently reached 
through database vendors or retailers such as DIA- 
LOG, BRS, GTE Telenet, and Mead Data Central. 
These vendors aggregate their databases into ser- 
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vices such as DIALOG’S DIALOG (this name is used 
both for the vendor and the service) and Knowledge 
Index, BRS’ Medical Colleague and BRS After Dark, 
GTE’s MINET, and Mead Data Central’s MEDIS 
(Table 3). The services offered by the database 
vendors individually allow users to access more than 
one database; the service DIALOG, for example, 
offers over 200 databases. If you were to contact the 
various producers of the database one by one, each of 
these databases would require a specific language 
and syntax for various requests. A database vendor 
makes all its databases available through one tele- 
phone number and with one easily learned set of 
commands. Some of the vendors provide menus of 
choices that further simplify the query of the data- 
bases and the display of the citations. 

To be able to obtain the information, you need 
certain equipment. Any computer with a keyboard, 
display screen, and magnetic storage disk can serve 
as a terminal. It need not be an expensive computer; 
perfectly acceptable computers are available for 
under $1000. Low-cost printer terminals can be used 
instead of a computer. The lower initial outlay is 
false economy, however, because it takes much 
longer to print on-line than to download to magnetic 
disk. At $24 to $100 per hour costs for the databases, 
the savings in initial outlay are quickly overcome in 
a few hours of use. A MODEM (MOdulator DEMod- 
ulator) is a device that connects your computer to the 
telephone line and converts the computer signal into 
a form that can be sent across the line. The speed of 
transmission is measured in bits per second (bps). 
Sometimes BAUD is used interchangeably with bps, 
though this substitution is not quite accurate. 
Direct-connect MODEMs of 1200 bps (about 120 
characters per second) or 2400 bps (240 characters 
per second) are more cost-effective than the 110- or 
300-bps MODEMs, because most vendors charge by 
time. MODEMs range from $200 to $700. Dot matrix 
printers provide the best combination of speed for 
the money ($200 and up). Inexpensive ones are 
capable of printing a single-spaced page in less than 
a minute. 

The communications software instructs the com- 
puter to do what you want it to do. The selection of 
communications software is important, because it 
can take care of all those intimidating details neces- 
sary to successfully connect to a service. If you are 
concerned about the technical aspects of performing 
a search, there is even software available that is 
written to organize the search and ask the questions 
for you. 
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If you do not have experience using a computer to 
communicate across phone lines, there are several 
books that will lead you step by step through the 
process of dialing in and logging on to a database. 
(See "Selected Bibliography" at end of this article.) 
The database vendors provide instruction manuals 
that clearly demonstrate how to develop search 
strategies, menus to guide you through the search, 
free time to hone your technique when you first join, 
and low-cost practice files. Because the information 
acquisition is interactive, you can quickly see and 
learn from the results of your actions. 

When you connect with the database of your 
choice, you combine search words or descriptors. In 
the example above on herpes simplex retinitis and 
encephalitis, you can query MEDLINE for herpes 
simplex and retinitis and encephalitis and language- 
English. You can instruct the database to list only 
titles, and you select the titles you want. You can 
then instruct the utility to provide full citations with 
abstracts for your specified references. You save all 
the information on a disk as fast as it arrives. After 
hanging up, you can print what you have stored, or 
you can use a word-processing program to delete 
unneeded material before printing. (In order not to 
violate copyright restrictions or your agreements 
with the vendor, you should print only a reasonable 
amount of information for your personal use.) You 
may instruct the vendor or order supplier to send you 
xerographic copies of any articles, or you can have 
your local medical library make copies. 

What can we expect to evolve? The electronic 
library at home, in the office, or in the laboratory 
will greatly enhance the functions of the library. You 
may not presently be able to browse the aisle or 
peruse a book or look at most articles’ full text or 
receive journal citations more than 20 years old, but 
certain trends are apparent. Full text articles will 
become available in more of the specialty journals. 
The ARCHIVES is currently available via Mead Data 
Central’s MEDIS. Increasing numbers of textbooks 
will come on line. Databases with the aggregate 
knowledge of experts will be accessible to physicians 
in practice ~o assist in problem cases. As needs are 
perceived, ‘latabases will be developed to fill them. It 
will become increasingly easier for the clinician or 
researcher to keep up to date or to review any topic 
as soon as the desire arises. 

MICHAEL H. GOLDBAUM, MD 
San Diego 

This investigation was supported by a grant from the Veterans 

Administration. 
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Clinical Sciences 


Pupillary Block With 


Posterior Chamber Intraocular Lenses 


John R. Samples, MD; A. Robert Bellows, MD; Robert C. Rosenquist, MD; 
B. Thomas Hutchinson, MD; I. Howard Fine, MD; E. Michael Van Buskirk, MD 


e We present 12 cases of pupillary 
block associated with extracapsular cata- 
ract extraction and posterior chamber 
intraocular lenses. In one case, pupillary 
block occurred despite the presence of a 
surgical iridectomy. The other 11 patients 
did not Fave a surgical iridectomy per- 
formed. We recommend that a surgical 
iridectomy or laser iridotomy be per- 
formed in all patients-who undergo extra- 
capsular cataract extraction with the 
implantation of posterior chamber intra- 
ocular lemses. Ophthalmologists need to 
be vigilant in watching for the develop- 
ment of pupillary bloek in these patients, 
since pupillary block is not a benign event 
and serious visual loss or disability may 
occur. 

(Arch Ophthalmol 1987; 105:335-337) 


T9 past decade has brought the 

most dramatic changes in cataract 
surgery since the conversion from 
extracapsular to intracapsular cata- 
ract extraction in the early part of 
this century. Most surgeons now favor 
extracapsular surgery for its smaller 
wound and preservation of the poste- 
rior lens capsule. Since the implanta- 
tion of intraocular lenses has become 
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common, posterior chamber lens 
implantation has received increasing 
favor because of fewer complications 
and a more “physiologic” location. 
With posterior chamber implantation, 
many surgeons have eliminated the 
peripheral iridectomy. They believe 
that the risk of bleeding and other 
complications resulting from the iri- 
dectomy itself outweighs the risk of 
pupillary block. Indeed, pupillary 
block has been recorded infrequently 
after posterior chamber lens implan- 
tation." 

We report 12 cases of pupillary 
block with posterior chamber lenses 
in an attempt to emphasize its cause, 
its course, and the role of iridectomy 
in its prevention. 


REPORT OF CASES 


CASE 1.—A 68-year-old woman (patient 1 
in the Table) underwent an extracapsular 
cataract extraction with posterior cham- 
ber lens implantation without an iridecto- 
my in the left eye. The surgery was without 
apparent complications. Specifically, there 
was no posterior capsule or zonular disrup- 
tion. The postoperative course was benign 
until the 27th day, when the patient expe- 
rienced sudden severe pain in the left 
eye. 

The intraocular pressure was 40 mm Hg 
and the visual acuity was 20/400 OS, 
improving to 20/100-1 with a pinhole. 
There was moderate epithelial edema of 
the left cornea, shallowing of the anterior 
chamber, and closure of the anterior cham- 
ber angle. No iridectomy was present. The 
intraocular lens was firmly pushed up 
against the iris. The diagnosis of pupillary 
block glaucoma was made on the basis of a 
shallow anterior chamber and angle clo- 
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sure. A single argon laser iridotomy deep- 
ened the anterior chamber immediately, 
resulting in opening of the entire angle 
over 24 hours. The patient was seen eight 
days later with an intraocular pressure of 
9 mm Hg in the left eye. The chamber was 
deep and the angle remained open. 

One month later, a second attack of 
pupillary block occurred because the laser 
iridotomy had closed. The iridotomy was 
reopened with the argon laser, and the 
pupillary block resolved immediately. The 
chamber deepened and the angle opened. 
Five months later, the peripheral iridoto- 
my remained patent, the angle was open, 
and the intraocular pressure was normal. 

Case 2.— A 70-year-old woman (patient 2 
in the Table) had an uncomplicated extra- 
capsular cataract extraction in her right 
eye without a peripheral iridectomy. A 
Surgidev posterior chamber (B 2020) 10° 
angulated loop intraocular lens was 
inserted into the capsular bag. When seen 
on the Ist, 7th, and 21st postoperative 
days, she had a normal anterior chamber, a 
normal intraocular pressure, and a visual 
acuity of 20/100 OD. 

Forty days after surgery, the visual acu- 
ity was 20/30 OD, and the applanation 
intraocular pressure was 40 mm Hg. The 
central anterior chamber was deep, 
although the peripheral iris was irregular- 
ly bowed forward. Gonioscopy was not 
performed and therapy was not instituted. 
Sixty days after surgery, the anterior 
chamber was formed but shallow, periph- 
eral bowing of the iris was noted, and the 
intraocular pressure was 64 mm Hg. The 
patient was given 0.5% timolol maleate 
twice daily, 1% pilocarpine four times dai- 
ly, and 0.1% fluoromethalone twice daily. 
The right cornea was clear, the wound was 
tight, and no evidence of wound leak or 
bleb formation was present. The anterior 
chamber was formed centrally, but it was 
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Pupillary Block With Posterior Chamber IOLs* 


Presentation 
a 
Shallow 
Anterior 
Chamber 


Posterior 
Capsule 
Intact 


Patient/ Iris 


Diabetes Treatment 


Age, y/Sex Bombe 
1/68/F 


2/70/F 


3/77/F 10 d t T 





4/65/M 





5/54/F 


12 mo + + 


6/59/F 


Iridectomy 
loptex L304-01 


Surgidev B 20/20 


Sinskey type No Yes 





Cilco PB 12 Yes Yes 


Cilco C Loop No Yes 


lolab 103 G 





History of postoperative uveitis; 
required 2 argon laser 
iridotomies 

3 argon laser iridotomies 
eliminated iris bombé; laser 
treatment to peripheral iris 
was necessary to open the 
angle 





No Argon laser iridotomy opened 
the angle 









No History of narrow angles with 
bilateral surgical iridectomies 
before cataract surgery; 
original iridectomy was 
blocked by IOL; 2 argon 

laser iridotomies opened the 

angle 


No Argon laser iridotomy opened 
the angle 


Angle opened with irrigation 
under the iris, but recurrence 
of pupillary block required 
surgical iridectomy 


7/38/M 6 d T t Amo PC15 No Yes Yes Pharmacologic dilation of the 
pupil opened the angle 

8/62/F 20d T + lolab 103 G No Yes Yes Surgical peripheral iridectomy 
opened the angle 





9/73/M 









10/49/M 









11/60/F 








12/69/M 


*IOL indicates intraocular lens. 


shallow. A prominent peripheral iris roll, 
consistent with 360° of iris bombé, was 
present. The 3-mm pupil was round and in 
direct apposition to the centrally placed 
intraocular lens. 

The posterior capsule appeared to be in- 
tact, and no vitreous was present in the an- 
terior chamber. The intraocular pressure 
was 24 mm Hg by applanation, and visual 
acuity was 20/40 OD without correction. 
The anterior chamber angle was closed over 
360° by a prominent forward bowing of the 
iris that obscured the entire trabecular 
meshwork. No peripheral iridectomy was 
visible. Zeiss lens compression gonioscopy 
did not open the angle. Results of fundus 
examination were normal. 

The diagnosis of iris bombé with pupil- 
lary block after extracapsular cataract 





Cilco J Loop Yes 


Surgidev 20/20 No Yes 


lolab 103B 





Sinskey 103 Q Yes 


extraction was made. Dilation of the pupil 
with 5% neosynephrine and 1% tropicam- 
ide did not relieve the pupillary block but 
did dilate the pupil to 6 mm. Three argon 
laser iridotomies at the 2-, 5-, and 8-o'clock 
positions deepened the anterior chamber 
and relieved the iris bombé immediately. 
However, the angle remained closed with 
synechiae over 360° and could not be 
opened with Zeiss lens compression gonios- 
copy. Peripheral iris burns (2000 um, 800 
mW, and 0.2 s) were applied using the 
argon laser at the base of the peripheral 
anterior synechiae (PAS), causing contrac- 
tion of the iris, flattening of the PAS, and 
opening of the filtration angle. 
Twenty-four hours after laser treatment, 
the intraocular pressure was 14 mm Hg, 
and the anterior chamber was deep and 
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Yes Neodymium-YAG peripheral 
iridotomy flattened the iris 
and laser iridoplasty opened 
only 2 hours of angle; vision 
loss attributed to central 

retinal artery occlusion 

No Two Nd-YAG laser iridotomies 

succeeded after argon laser 

iridotomy could not penetrate 
iris 

Yes Intraocular pressure >40 mm 

Hg and iris bombe with IOL 

had prolapsed anterior to the 

iris; when patient was placed 
supine, IOL fell back into 
posterior chamber 

Yes Severe postoperative uveitis 
with occlusive membrane; 3 
laser iridotomies failed; 
surgical iridectomy and 

membranectomy was 

required 


quiet. Seven months after the laser treat- 
ment, the intraocular pressure was 15 mm 
Hg without medication, the visual acuity 
was 20/30 OD, and the angle was open 
except for two hours of residual PAS. 

Cases 3 THRouGH 12.— Cases 1 through 
12 are summarized in the Table. 

The onset of pupillary block ranged from 
six days to 14 months after cataract sur- 
gery. All of our patients presented with a 
shallow anterior chamber and forward 
bulging of the iris, resulting in the closing 
of the anterior chamber angle. In all cases, 
the intraocular lens was in apposition with 
the iris. A variety of intraocular lenses 
were involved, some with angled hapties, 
others with straight haptics. Six of the 12 
patients had evidence of diabetes mellitus, 
managed by diet, oral agents, or insulin. 
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In one eye (patient 4), a peripheral iri- 
dectomy had been performed previously 
due to a narrow chamber angle; however, 
after cataract surgery, the iridectomy was 
oecluded by the intraocular lens. All but 
one patient presented with an intraocular 
pressure of greater than 22 mm Hg. 
Patient 10 had an intraocular pressure of 8 
mm Hg, iris bombé, and 360° of angle 
closure or gonioscopy. There was no evi- 
dence of an inadvertent filtration bleb, and 
a wound leak could no: be seen. The patient 
had difficulty with fixation; after two 
attempts with the argon laser failed, an 
iridotomy was established following two 
attempts with the neodymium-YAG 
laser. 

Ten-of the 12 patients were treated with 
either surgical iridectomy or argon laser 
iridotomy. In one case, the pupillary block 
was broken with pharmacologic dilation of 
the pupil alone. Patient 11 presented with 
an intraoeular pressure greater than 40 
mm Hg, iris bombé, and evidence of pupil- 
lary block. When the patient was placed in 
asupine position and the pupil was dilated, 
the lens fell back into the posterior cham- 
ber; an argon laser iridotomy was then 
performed. Four patients were treated 
with argon laser iridotomy alone, and two 
patients were treated with Nd-YAG laser 
iridotomy alone. One patient was treated 
with both modalities. All of these pa- 
tients responded to laser iridotomy or iri- 
doplasty, surgical iridectomy, or pharma- 
cologie pupillary dilation, except for 
patient 9. 

The mest serious sequelae of pupillary 
block were documented in a 73-year-old 
man (patient 9) whe presented with a 
shallow anterior chamber, iris bombé with 
angle-closure, and an intraocular pressure 
of 70 mm» Hg. His visual acuity was hand 
motions; one week earlier, it had been 
20/200. The application of topical 4% pilo- 
carpine and 0.5% timolol lowered his 
intraocular pressure, and an Nd-YAG 
laser iridotomy resolved the pupillary 
block. The filtration angle remained closed 
despite laser iridoplasty, and the loss of 
vision was attributed to central retinal 
artery ocelusion. 

Two patients had persistent uveitis after 
cataract extraction. One (patient 12) devel- 
oped a dense pupillary membrane, while 
the other (patient 1) had marked severe 
postoperative uveitis. 


COMMENT 


Pupillary block occurs when an 
intraocular lens blocks aqueous flow 
through the pupil. It is relatively com- 
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mon after anterior chamber intraocu- 
lar lens implantation and relatively 
rare after posterior chamber lens 
insertion and in aphakic eyes without 
an intraocular lens.? In pupillary 
block secondary to an anterior cham- 
ber lens, the optic of the lens acts as a 
flap-valve to occlude the pupil. In 
pupillary block with a posterior cham- 
ber lens, the cause is less clear and 
may be related to a number of factors. 
The anatomy of the anterior chamber 
angle may be altered by the placement 
of the lens in the ciliary sulcus rather 
than in the capsular bag. Disruption 
of the zonules during the delivery of 
the lens nucleus or during the use of 
an irrigation-aspiration device may 
result in forward movement of the 
vitreous, leading to pupillary block.* It 
was not possible to determine abso- 
lutely the location of the lens loops in 
many of our cases. Another possible 
mechanism is a preexisting shallow 
chamber. One of our patients had been 
treated for angle closure glaucoma 
preoperatively. 

Most published studies of pupillary 
block concern anterior chamber or 
iris-supported implants." Three pre- 
vious reports discuss pupillary block 
with posterior chamber lenses.** Two 
patients may have had an undetected 
rupture of the posterior capsule or the 
lens zonules, resulting in vitreous 
plugging the pupil and pupillary 
block.* The posterior capsule did not 
appear to be disrupted in any of our 
patients. 

None of the six previously described 
patients with pupillary block with 
posterior chamber lenses had iridec- 
tomies at the time of surgery.*^^ Some 
surgeons advocate deletion of the 
peripheral iridectomy with posterior 
chamber lens implantation, thereby 
avoiding additional surgical trauma 
to the iris tissue with possible hyphe- 
ma.’ Others recommend iridectomy if 
the posterior capsule or zonules rup- 
ture during the operation.’ It has been 
suggested that an iridectomy be done 
when complications, such as a shallow 
chamber, excess manipulation, posi- 
tive vitreous pressure, or vitreous loss 
arise. Drews* discussed these phe- 
nomena and stated that iridectomy 
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need not be done if the posterior 
chamber lens is rigid. In one of our 
cases, an iridectomy was blocked by 
the intraocular lens. However, we 
advise performing surgical iridectomy 
on patients prone to pupillary block, 
such as those with ocular inflamma- 
tion and possibly diabetes mellitus. 
Since ten of our 12 patients had 
angled haptics, it appears that they 
may not provide protection against 
pupillary block. 

Diabetes mellitus was present in six 
of our patients. It is our impression 
that this is more frequent than would 
be expected in this population. One of 
the previously described patients had 
diabetes mellitus and an extensive 
background of diabetic retinopathy 
after lens removal. The iris of the 
operated-on eye had no signs of rubeo- 
sis iridis, and no abnormal blood ves- 
sels were observed in the angle. None 
of our patients had angle neovascular- 
ization or angle closure secondary to 
neovascularization. Six additional 
cases of .pupillary block have been 
identified in patients with posterior 
chamber lens implants who also have 
diabetes mellitus.? 

Although we recognize that surgical 
iridectomy may occasionally cause 
transient iris bleeding or increased 
inflammation, we believe that the 
adverse consequences of pupillary 
block, especially when delayed into 
the late postoperative period, justify 
routine performance of peripheral iri- 
dectomy. As previously observed with 
anterior chamber lenses, pupillary 
block with posterior chamber lenses is 
not a benign event. It may lead to 
PAS, chronic angle closure glaucoma, 
or loss of vision. In one of our cases, a 
catastrophic loss of vision occurred 
after pupillary block. In all forms of 
pupillary block, presentation may be 
delayed for many months after the 
original surgery, and many patients 
are asymptomatic. The ophthalmolo- 
gist must remain vigilant in looking 
for its development. 
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Limited Choroidal Hemorrhage Associated 


With Extracapsular Cataract Extraction 


Amir Bukelman, MD; Peter Hoffman, MB, BS; Moshe Oliver, MD 


@ Limited choroidal hemorrhage was 
observed in eight (2.2%) of 368 eyes 
subjected to extracapsular cataract 
extraction, compared with a rate of 3.07% 
in our previous study, in which the tech- 
nique employed was intracapsular extrac- 
tion. The difference was found to be 
significant only for eyes with high myopia. 
Myopia was found to be the main risk 
factor for the development of limited cho- 
roidal hemorrhage, especially when gen- 
eral anesthesia was used. The presence 
of glaucoma or the combination of extra- 
capsular cataract extraction and trabecu- 
lectomy may increase the susceptibility to 
this complication. The occurrence of lim- 
ited choroidal hemorrhage did not affect 
the final visual function. 

(Arch Ophthalmol 1987; 105:338-341) 


Be coulsive choroidal hemorrhage is a 
rare complication of cataract 
extraction. Its incidence has been esti- 
mated at 0.2% in all cataract extrac- 
tions.' In a previous study,’ we found 
that nonexpulsive or limited choroidal 
hemorrhage is much more frequent, 
occurring in 3.07% of all intracapsu- 
lar cataract extractions. Both expul- 
sive choroidal hemorrhage and lim- 
ited choroidal hemorrhage appear to 
be manifestations of the same disease 
process, differing only in their degree 
of severity and, consequently, in their 
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prognosis. Our understanding of the 
pathogenesis of expulsive choroidal 
hemorrhage has been limited by the 
infrequency of its occurrence. Howev- 
er, by studying all cases of choroidal 
hemorrhage, whether of the expulsive 
or limited type, we can accumulate 
data on the risk factors associated 
with this complication and thereby, 
inferentially, for expulsive choroidal 
hemorrhage, its most severe form. 

In recent years, extracapsular cata- 
ract extraction has replaced intracap- 
sular cataract extraction as the pre- 
ferred method. Since extracapsular 
cataract extraction is the less trau- 
matic of the two procedures and 
enables preservation of the anatomic 
relationships of the posterior segment 
behind an intact posterior capsule, we 
investigated the occurrence of choroi- 
dal hemorrhage in extracapsular cat- 
aract extraction with the aim of com- 
paring the incidence of choroidal hem- 
orrhage and its associated risk factors 
in the two operative techniques. 


PATIENTS AND METHODS 


Between July 1983 and July 1984, 359 
patients (368 eyes) underwent planned 
extracapsular cataract extraction. The age 
range was 38 to 96 years (mean, 68.8 years). 
There were 155 men (mean age, 66.9 years) 
and 204 women (mean age, 70.3 years). The 
study group included some patients with 
torn posterior capsules and anterior vitrec- 
tomies, as well as some who underwent a 
combined procedure of extracapsular 
extraction and trabeculectomy. Eyes with 
postoperative conditions that precluded 
adequate funduscopy, such as corneal opa- 
cities, were excluded. 

Axial length, required for the calcula- 
tion of intraocular lens power, was deter- 
mined in most eyes by A-mode ultrasonog- 
raphy. Cataract extraction was performed 
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with the patient under local or general 
anesthesia, depending on our prior assess- 
ment of the patient's ability to comply 
with the instructions of the surgical team 
during the operation. Local anesthesia was 
used whenever possible. Preoperative 
treatment included sedation with 5 to 10 
mg of diazepam given orally, or 25 mg of 
promethazine hydrochloride and 50 mg of 
meperidine hydrochloride, both given 
intramuscularly. Local anesthesia entailed 
retrobulbar infiltration of 2% lidocaine 
hydrochloride and 0.5% bupivicaine hydro- 
chloride, 750 U of hyaluronidase, and 150 
ug of epinephrine, periorbital infiltration 
of lidocaine hydrochloride, and light mas- 
sage. After conjunctival reflection or 160° 
to 180° peritomy, a groove and two pre- 
placed sutures were prepared. A small 
opening was then made in the anterior 
chamber and anterior capsulotomy was 
carried out using the can-opening tech- 
nique. The corneoscleral incision was then 
extended to 160° to 170° with corneoscleral 
scissors and the nucleus was expressed. 
The preplaced sutures were clesed with a 
slip or final knot, depending on whether 
intraocular lens implantation was planned 
or not, and the lens cortex was aspirated by 
a Kelman aspirator or a M Melntyre 
syringe. 

In 231 eyes (64.2% ), a posterior chamber 
modified J-loop intraocular lens was 
implanted (Table 1). Reasons for not 
attempting intraocular lens implantation 
in the rest of the eyes were as follows: (1) 
other pathologic disorders of the eye were 
present, eg, myopia, glaucoma, uveitis, or 
diabetic retinopathy; (2) conditions unre- 
lated to other pathologic disorders were 
present, eg, patient nonconsent,adaptation 
to aphakie correction in the fellow eye, 
relatively young patient, or only eye; or (3) 
an intraoperative decision was made on the 
basis of conditions such as a capsular rent 
or vitreous in the anterior chamber. The 
most frequent single reasons for nonim- 
plantation were myopia (48 eyes, 35%), 
glaucoma (20 eyes, 14.6% ), and intraopera- 
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Extracapsular 
Cataract Extraction 





Group 


Table 1.—Incidence of Limited Choroidal Hemorrhage in 
Relation to Implantation of Intraocular Lens 


No. of Eyes 
in Group 


With-intrzocular lens 231 1 (0.4) 
Without imtraocular lens 137 7 (5.1) 
Total 368 8 (2.2) 


Table 2.—Incidence of Limited Choroidal Hemorrhage in 
Relation to Refractive Status * 


No. of Eyes in Group 


A 60 5 (8.3) 
B 308 3 (1.0) 
Total 368 8 (2.2) 







No. (%) of Eyes With Limited 
Choroidal Hemorrhage 













No. (?6) of Eyes With Limited 
Choroidal Hemorrhage 









* Group A indicates an apkakic refraction of +7.50 diopters or less spherical equivalent or an axial length of 
26.5 mm or more; group B, an aphakic refraction of greater than + 7.50 D spherical equivalent or an axial 


length of less-than 26.5 mm 


Table 3.—Inadence of Limited Choroidal Hemorrhage in Glaucomatous 
Eyes in Relation to Refractive Status and Operative Technique * 


No. of Eyes (No. With Limited Choroidal Hemorrhage) 


ECCE + IOL 
1 (0) 
14 (0) 
15 (0) 


ECCE + TRAB 
4 (1) 
13 (1) 
17 (2) 





" ECCE indicates extracapsular cataract extraction; IOL, intraocular lens; TRAB, trabeculectomy; group A, 
an aphakic refraction of +7.&) diopters or less spherical equivalent or an axial length of 26.5 mm or more; and 
group B, an apnakic refraction of greater than +7.50 D spherical equivalent or an axial length of less than 26.5 


mm. 


tive decision (19 eyes, 13 97»). However, we 
should mention that, except in the case of 
myopic eyes, we have more recently begun 
to relax our indicative criteria for intraoc- 
ular lens implantation, particularly with 
regard to gtaucoma, diabetic retinopathy, 
and age. 

Slit-lamp microscopy was performed the 
following day and indireet ophthalmoscopy 
was also performed at the same examina- 
tion or one day later. In the immediate 
postoperative period we usually adminis- 
tered a solution of 1% atropine sulfate 
twice daily and 0.1% dexamethasone sodi- 
um phosphate with 0.5% neomycin three 
times daily, as well as h-potensive therapy 
when needed. Patients ir whom an intraoc- 
ular lens was implarted received 1% 
homatropine hydrobromide instead of 1% 
atropine sulfate. 

The eyes that had bee» operated on were 
divided into two groups-according to their 
final refractive status ov axial length (Ta- 
ble 2). The 6) eyes (16.3%) in group A had 
high myopia; aphakic re?raction was +7.50 
diopters or less spherical equivalent or, in 
cases of pseudophakia, axial length was 
26.5 mm or more. The 398 eyes (83.7% ) in 
group B were without high myopia; aphak- 
ic refraction was greaser than +7.50 D 
spherical equivalent or, m cases of pseudo- 
phakia, axial length was less than 26.5 
mm. 

Forty-three patients (11.7%) suffered 
from glaucoma, which was either primary 
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angle closure or simple. In 17 (39.5%) of 
these patients in whom the intraocular 
pressure had remained uncontrolled or 
borderline even after maximal antiglauco- 
ma treatment, a combined procedure of 
extracapsular cataract extraction and tra- 
beculectomy was carried out, as described 
by Luntz? (Table 3). 


RESULTS 


Choroidal hemorrhage occurred in 
eight (2.2% ) of the 368 eyes that were 
operated on (2.2% ) (Table 4). None of 
the patients in whom both eyes were 
operated on manifested choroidal 
hemorrhage. Three of the patients 
were men and five were women. The 
age range was 64 to 83 years (mean, 
72.8 years). In seven patients the cho- 
roidal hemorrhage was localized and 
conformed to the pattern described as 
limited choroidal hemorrhage. In one 
patient (patient 4), massive choroidal 
hemorrhage occurred during the oper- 
ation and manifested itself as a pro- 
gressive bulging of the posterior lens 
capsule, occupying all quadrants in a 
bullous configuration. In the pesterior 
pole, it appeared as a flat red hemor- 
rhage. Frank expulsive choroidal 
hemorrhage was avoided by rapid clo- 





sure of the operative incision. 

Five (8.3% ) of the 60 eyes in group 
A and three (1.0%) of the 308 eyes in 
group B demonstrated limited choroi- 
dal hemorrhage (P < .005) (Table 2). 
Vitreous loss occurred in 16 (4.3%) of 
the 368 eyes, but in no case was this 
associated with limited choroidal 
hemorrhage. 

Three (7.0%) of 43 glaucomatous 
eyes (patients 4, 5, and 8) and five 
(1.5%) of 325 nonglaucamatous eyes 
developed limited chorcidal hemor- 
rhage (P < .05). Of the three glauco- 
matous patients (Table 3), two had 
also undergone trabeculectomy; one 
patient (patient 5) was from group A 
and the other patient (patient 8) was 
from group B. The third glaucomatous 
patient (patient 4) was also highly 
myopic. Two (11.7%) of the 17 eyes 
subjected to a combined procedure of 
extracapsular cataract extraction and 
trabeculectomy developed limited 
choroidal hemorrhage. 

Limited choroidal hemorrhage de- 
veloped in seven (5.1%) of 137 eyes 
without intraocular lenses and in one 
(0.4%) (patient 6) of 231 eyes with 
intraocular lenses (P <.025) (Table 
1). The reasons for nonimplantation 
in these seven eyes were as follows: 
myopia, three eyes; glaucema, one eye; 
myopia and glaucoma, two eyes; and 
patient adaptation to aphakic correc- 
tion in the fellow eye, one eye. 

Limited choroidal hemorrhage 
developed in six (6.7% ) of 90 eyes in pa- 
tients who received general anesthesia 
and in two (0.7% ) of 278 patients who 
were operated on while they were 
under local anesthesia (P < .005) (Ta- 
ble 5). Five (62.5%) of the eight 
patients in group A who were operated 
on while they were under general anes- 
thesia developed limited choroidal 
hemorrhage. Of the 52 eyes of group A 
patients who received local anesthesia, 
none developed limited choroidal hem- 
orrhage (P < .0025). In group B, one 
(1.2% ) of the 82 eyes operated on while 
the patient was under general anes- 
thesia and two (0.9% ) of the 226 eyes 
operated on while the patient was 
under local anesthesia developed lim- 
ited choroidal hemorrhage (not signif- 
icant). 

No additional surgical cr postopera- 
tive complications were noted in the 
eight eyes in which limited choroidal 
hemorrhage developed. 

The outcome in all eight cases of 
limited choroidal hemorrhage was 
good, with gradual resolution of the 
hemorrhage and no lasting effects on 
vision. Four eyes attained a final 
visual acuity of 20/20 to 20/50; three 
eyes attained acuity of 20/70, in two 
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cases because of moderate myopic 
macular degeneration and in one case 
probably because of pigmentary mac- 
ular changes; and one eye attained 
acuity of 20/400 as a result of severe 
myopic macular degeneration (Ta- 
ble 4). 


COMMENT 


A positive correlation between 
expulsive choroidal hemorrhage and 
myopia in patients undergoing intra- 
capsular cataract extraction was 
reported by François et al* and Pau.‘ 
Müller* postulated that chronic vascu- 
lar damage, possibly resulting from 
chronic glaucoma or high myopia, 
might be a local predisposing factor 
for the development of expulsive cho- 
roidal hemorrhage. In a recent study, 
Hoffman et al also found a signifi- 
cantly higher incidence of limited cho- 
roidal hemorrhage following intra- 
capsular cataract extraction in highly 
myopic eyes. Ruderman et al’ found a 
higher incidence of choroidal hemor- 
rhage following filtering procedures 
in eyes with high myopia (1075) than 
in nonmyopic eyes (2%). A similar 
correlation was obtained with the 
extracapsular cataract extraction 
procedure in the present study, in 
which we found high myopia to be a 
significant risk factor for limited cho- 
roidal hemorrhage (P < .005). 

The reason for performing this 
study was to determine whether 
extracapsular cataract extraction is 
less likely than intracapsular cataract 
extraction to be associated with cho- 
roidal hemorrhage. Our results 
showed eight (2%) cases of limited 
choroidal hemorrhage in 368 extra- 
capsular cataract extraction proce- 
dures, compared with 16 (3.07% ) cases 
of limited choroidal hemorrhage in 
521 intracapsular cataract extraction 
procedures in our previous series.’ The 
difference is not significant (P = .7). 
However, since both series contained 
a preponderance of nonmyopic eyes, 
we proceeded to compare the inci- 
dence of limited choroidal hemor- 
rhage following both surgical tech- 
niques for myopic eyes only, and 
found five cases (8.3% ) of limited cho- 
roidal hemorrhage in 60 extracapsu- 
lar cataract extraction procedures, 
compared with ten cases (14.5% ) in 69 
intracapsular cataract extraction pro- 
cedures. These results indicate that 
extracapsular cataract extraction is a 
significantly safer operation for myo- 
pic eyes (P « .005). 

Samuels* described eight cases of 
postoperative nonexpulsive choroidal 
hemorrhage in glaucomatous eyes. Of 
six patients with expulsive choroidal 
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Surgical 
Technique 


Refractive 
Group 


Patient No. / 
Sex/Age, y 
1/F /64 


2/M/69 


S/F /74 


4/F /82 


NPNMCTAUGR 3 * X 


Table 4.— Summary of Findings in Patients With Choroidal Hemorrhage * 


Glaucoma Anesthesia  Acuity 


H 
fa 


Final 
Visual Systemic 
Diseases 
Hypertension, 
ischemic 
cardiovascular 
disease 


Type of 


General 20/70 


20/30 Diabetes mellitus, 
ischemic 
cardiovascular 
disease 


General 


20/50 Hypertension, 


diabetes mellitus 


General 


20/70 Diabetes mellitus, 


atrial fibrillation 


General 


5/M/83 A ECCE + TRAB General 20/400 Cardiac arrhythmias 


ECCE + IOL 
ECCE 
ECCE + TRAB 


6/F /65 B 
7/F /76 B 
8/M/69 B 





General 
Local 


20/70 sont 
20/40 -— 
20/40 


Local Atherosclerosis 


* ECCE indicates extracapsular cataract extraction; IOL, intraocular lens; TRAB, trabeculectomy; group A, 
an aphakic refraction of +7.50 diopters or less spherical equivalent or an axial length of 26.5 mm or more; and 
group B, an aphakic refraction of greater than +7.50 D spherical equivalent or an axial length of less than 26.5 


mm. 


Table 5.—Incidence of Limited Choroidal Hemorrhage in 
Relation to Type of Anesthesia and Refractive Group" 


No. of Eyes (No. With Limited Choroidal Hemorrhage) 


KOO 


General Anesthesia 


Local Anesthesia 


A 8 (5) 52 (0) 60 (5) 


B 82 (1) 
Total 90 (6) 





226 (2) 
278 (2) 


308 (3) 
368 (8) 


* Group A indicates an aphakic refraction of +7.50 diopters or less spherical equivalent or an axial length of 
26.5 mm or more; group B, an aphakic refraction of greater than +7.50 D spherical equivalent or an axial 


length of less than 26.5 mm. 


hemorrhage described by Manschot,’ 
five had glaucoma; Manschot pointed 
out that glaucoma may lead to vascu- 
lar rupture by causing necrosis of the 
posterior ciliary arteries." Cantor et 
al" reported a high risk of choroidal 
hemorrhage in glaucomatous eyes 
subjected to intraocular surgery. Rud- 
erman et al’ found a high incidence of 
choroidal hemorrhage following fil- 
tration procedures. Gressel et al" 
reported eight cases in which delayed 
choroidal hemorrhage occurred after 
filtering operations in aphakic eyes, 
and suggested that the hemorrhage 
may be precipitated by a sudden and 
prolonged reduction of intraocular 
pressure in a predisposed eye. À simi- 
lar view was held by Brubaker’ who 
believed that hypotonia, especially 
when associated with transient eleva- 
tion of venous pressure resulting, for 
example, from Valsalva's maneuver, 
coughing, or sneezing, could cause cho- 
roidal hemorrhage. Of the glaucoma- 
tous eyes in our study, 77» manifested 
choroidal hemorrhage following ex- 
tracapsular cataract extraction. How- 
ever, our figures are based on a small 
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sample consisting of only 43 glaucoma- 
tous eyes, three of which developed 
limited choroidal hemorrhage. It 
should also be noted that other factors 
may have been relevant in our three 
patients, namely, high myopia and 
trabeculectomy in two eyes each. 

The findings presented in Table 1 
might appear to indicate that intraoc- 
ular lens implantation protects 
against the development of limited 
choroidal hemorrhage, since only 
0.4% of the pseudophakic patients 
manifested limited choroidal hemor- 
rhage, compared with 5.1% of eyes 
without implants. However, we would 
interpret these results as indicating, 
at most, that intraocular lens implan- 
tation does not increase the risk of 
limited choroidal hemorrhage. This 
more cautious view is based on the 
fact that among the 137 eyes without 
implants, three (patients 1, 2, and 3) 
of the seven that developed limited 
choroidal hemorrhage had high myo- 
pia, one (patient 8) had glaucoma, and 
two (patients 4 and 5) had both high 
myopia and glaucoma. Two of the 
glaucomatous eyes (patients 5 and 8) 
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had undergone a combined procedure 
of cataract extraction and trabeculec- 
tomy. It seems likely that the relative- 
ly higher incidence of limited choroi- 
dal hemorrhage in the eyes without 
implants can be explained in terms of 
the presence of these additional fac- 
tors rather than by any protective 
function of the intraocular lens. 
Taylor and Campbell" have sug- 
gested tast general anesthesia may 
increase the risk of expulsive choroi- 
dal hemcrrhage. Changes in choroidal 
blood flew induced by anesthetic 
agents, alterations in systemic blood 
pressure, and strainmg during extu- 
bation have been suggested as possi- 
ble contributing factors in the devel- 
opment of choroidal hemorrhage. Of 
interest in this connection is the 
marked cerrelation found in this 
study between limited choroidal hem- 
orrhage and the administration of 
general anesthesia in patients with 


1. Taylor DM: Expulsive hemorrhage. Am J 
Ophthalmol \974;78:961-965. 

2. Hoffman P, Pollack A, Oliver M: Limited 
choroidal hemerrhage associated with intracap- 
sular cataract extraction. Arch Ophthalmol 
1984;102:176!-1765. 

3. Luntz MH: Trabeculectomy using a fornix- 
based conjunctival flap and tightly sutured scler- 
al flap. Oph ta! mology 1980;87:985-989. 

4. François P, Wannebroucq C, Guilbert- 
Legrand: Les hémorragies expulsives: A propos 
de seize cas. Bull Soc Ophtaimol Fr 1966:66:579- 
585. 

5. Pau H: Der Zeitfactor bei der expulsiven 
Blutung. Ku» Monatsbl Augenheilkd | 1958; 


JAMA 


high myopia (P « .0025) (Table 5). The 
physiological and pharmacological 
implications of this finding merit fur- 
ther investigation. Meanwhile, cau- 
tion should be exercised in the use of 
general anesthesia in myopic and oth- 
er high-risk patients. 

Several authors'^*'" have sug- 
gested that systemic vascular disease, 
such as hypertension, arteriosclerosis, 
and diabetes mellitus, may predispose 
patients toward choroidal hemor- 
rhage in the following ways: (1) gener- 
alized arteriosclerosis predisposes to 
vascular fragility and (2) systolic 
hypertension can increase the tenden- 
cy to bleed. Of the eight patients in 
this study in whom limited choroidal 
hemorrhage developed, five had sys- 
temic vascular disease (Table 4). How- 
ever, evaluation of generalized vascu- 
lar disease as a significant predispos- 
ing factor in choroidal hemorrhage 
would require a comparison of its 
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did not. 
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dure of choice for the management of 
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Posttraumatic Bacillus cereus Endophthalmitis 


Gary B. Schemmer, MD, William T. Driebe, Jr, MD 


e We encountered a patient who 
developed Bacillus cereus endophthalmi- 
tis following trauma. Early therapy, which 
included intravitreal clindamycin phos- 
phate and gentamicin sulfate, resulted in 
a visual acuity of 20/60. A five-year retro- 
spective review of all cases of endoph- 
thalmitis following trauma reported at our 
institution revealed Bacillus as the infect- 
ing organism in six (46%) of 13 culture- 
positive cases. The high frequency of 
virulent Bacillus infections in the setting 
of trauma necessitates the use of antibi- 
otics that are active against this organism 
in posttraumatic endophthalmitis. The 
combination of clindamycin and gentami- 
cin can be effective therapy in Bacillus 
species infections if used early in the 
course of the disease. 

(Arch Ophthalmol 1987; 105:342-344) 


[uetus endophthalmitis following 
penetrating trauma is associated 
with a poor prognosis. Although 
improvements in the management of 
postoperative endophthalmitis have 
resulted in more patients retaining 
useful vision,' the outlook in posttrau- 
matic endophthalmitis continues to 
remain guarded. One explanation 
for such results relates to the viru- 
lence of the infecting organisms found 
in this setting. 

Bacillus cereus is one of the most 
aggressive and devastating organisms 
to cause posttraumatic endophthalmi- 
tis^ This organism is an aerobic, 
spore-forming, gram-positive bacteria 
that is widely found in water, soil, air, 
and dust. Unique toxins produced by 
this organism cause a marked inflam- 
matory response, resulting in exten- 
sive retinal necrosis^* While atten- 
tion has been drawn in the literature 
to the diagnosis and management of B 
cereus infections,’ we are unaware of 
any published reports documenting 
the recovery of useful vision in a case 
of B cereus endophthalmitis. Herein, 
we describe a patient with posttrau- 
matic B cereus endophthalmitis 
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treated with intraocular clindamycin 
phosphate and intraocular gentamicin 
sulfate and cefazolin sodium. The 
patient ultimately achieved a visual 
acuity of 20/60. 


REPORT OF A CASE 


A 22-year-old man suffered a perforat- 
ing injury of the left eye when he was 
struck by an orange tree limb while work- 
ing on his farm. Examination 15 hours 
after the injury revealed a visual acuity of 
hand motions. The conjunctiva was 
injected but not chemotic. There was a 
self-sealing 3-mm corneal laceration but 
no ring infiltrate of the cornea. A fibrinous 
iritis and 10% hypopyon were present. An 
opaque traumatic cataract and a poor red 
reflex were noted. No view of the fundus 
could be obtained. The patient was afe- 
brile, with a normal white blood cell 
count. 

The patient underwent surgery, which 
included repair of the laceration, removal 
of the cataract, and a large anterior core 
vitrectomy. Examination at the time of 
surgery revealed extensive vitreous debris 
that limited visualization of retinal detail. 
Because of the rapid onset of intraocular 
inflammation following penetrating trau- 
ma, infection with B cereus was suspected. 
For this reason, intravitreal clindamycin, 1 
mg, was injected in addition to our usual 
regimen of intravitreal cefazolin, 2.25 mg, 
and gentamicin, 200 ug. Clindamycin, 50 
mg; gentamicin, 40 mg; and methylpredni- 
solone sodium succinate, 20 mg; were given 
subconjunctivally. A regimen of intrave- 
nous clindamycin, 40 mg/kg/d, and genta- 
micin, 3 mg/kg/d, was begun. 

Intraocular cultures were heavily pro- 
ductive of a gram-positive rod identified as 
B cereus by both the Florida state labora- 
tory, Jacksonville, and by the laboratory of 
Denis O’Day, MD (Vanderbilt Medical Cen- 
ter, Nashville, Tenn). The organism was 
graded at Vanderbilt as a high enterotoxin 
producer.’ Postoperatively the patient 
received subconjunctival clindamycin, 50 
mg twice a day for three days, in conjunc- 
tion with frequent topical fortified clinda- 
mycin (50 mg/mL) and gentamicin (13.6 
mg/mL). Intensive topical and systemic 
steroid therapy was begun 24 hours post- 
operatively. The vitreous cavity steadily 
cleared, and by the seventh postoperative 
day, visual acuity improved to counting 
fingers at 2 ft (60 cm). Intravenous therapy 
was stopped after seven days, but topical 
antibiotic and steroid therapy was contin- 
ued. 

Ten days postoperatively, an infiltrate of 
the cornea at the laceration site developed. 
Gram’s and Giemsa stains revealed a sep- 
tate filamentous fungus, ultimately identi- 
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fied as Aspergillus. Steroid therapy was 
stopped and intensive topical natamycin 
therapy was begun. Over the next four 
weeks, the infiltrate cleared. The vitreous 
cavity also continued to clear, with no 
evidence of recurrent endophthalmitis. 
Visual acuity improved to 20/200. Six 
weeks postoperatively, an inferior rhegma- 
togenous retinal detachment, which did 
not involve the posterior pole, was noted. A 
pars plana vitrectomy and a scleral buck- 
ling procedure were performed successful- 
ly. Vitreous cultures taken intraoperative- 
ly were negative. Eighteen months after 
the injury, the patient’s visual acuity was 
20/60, corrected with an aphakic hard con- 
tact lens. The decrease in vision is felt to be 
the result of a macular pucker noted clini- 
cally and confirmed by fluorescein angiog- 
raphy. 


PATIENTS AND METHODS 


As a result of our experience with this 
case, we reviewed the medical records and 
culture results of all cases of posttraumat- 
ic endophthalmitis treated at the Universi- 
ty of Florida, Gainesville, from January 
1980 to December 1984. Nineteen (32% ) of 
60 cases of endophthalmitis during this 
time occurred after trauma. 

Cultures were obtained by aspiration of 
the vitreous in all cases, and the aqueous in 
most. Samples were inoculated onto blood 
culture medium, chocolate culture medi- 
um, Sabouraud agar, and thioglycolate 
broth. A positive culture was defined as 
growth of the same organism on two or 
more media or confluent growth on one 
solid medium. Growth on thioglycollate 
broth alone or scant growth on one solid 
medium was considered equivocal. 

Intraocular antibiotics were adminis- 
tered after the initial culture in most cases. 
The choice varied according to the surgeon 
but generally included gentamicin, 200 to 
400 ug, and cefazoline, 2.25 mg. Clindamy- 
cin, 250 to 1000 ug, was also used in some 
cases. 

Final visual acuity achieved was based 
on the latest follow-up visit. All patients 
had at least six months of follow-up, with a 
maximum follow-up of two years. 


RESULTS 


There were 19 cases of posttraumat- 
ic endophthalmitis over a five-year 
period, 13 (6896) of which were cul- 
ture-positive. Five cases were culture- 
negative and one case was culture- 
equivocal. Fifteen of these patients 
were male, and the median age was 23 
years (range, 4 to 65 years). 

The most common type of injury 
involved penetration with metal, 
occurring in 15 (79%) of the 19 cases. 
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*IOAB indicates intraocule- antibiotics; VA, visual acuity; HM, hand motions; LP, light perception; NLP, no light perception; and IOFB, intraocular foreign body. 


tFrom time of injury. 

£A! presentation. 

§No visualization of retina. 
Limited view of retina. 


A metallic intraocular foreign body 
was present in four (21%) of the 
cases. 

In addition to intravitreal antibiot- 
ies, excluding a primzry evisceration, 
a therapeutic vitrecomy was per- 
formed in eight (67%) of 12 culture- 
positive cases. A final visual acuity of 
20/400 or better was achieved in four 
(31%) of 13 culture-positive cases vs 
three (60%) of five culture-negative 
cases. 

Bacillus species wer» the most com- 
monly isolated orgznisms (Table) 
found in six (46%) of the 13 culture- 
positive cases. Two of these organisms 
were speciated and mentified as B 
cereus. The patients with Bacillus 
infections demonstrated more rapid 
onset of inflammation. Infection in 
these patients often presented within 
the first 24 hours afer the injury, 
compared with an a-erage of four 
days for patients infecced with gram- 
positive cocci. Five cf the Bacillus 
infections involved penetration with 
metal, although only one metallic 
intraocular foreign bedy was seen. 
The remaining case, described above, 
occurred after an injury involving an 
orange tree limb. 

Three of the six patients with Bacil- 
lus infections also presented with a 
panophthalmitis. One cf them eventu- 
ally underwent enueleation. One 
achieved a final visual acuity of bare 
light perception and phthisis, while 
the other lost all vision. Of the 
remaining three patierts, one experi- 
enced primary evisceration. Another 
achieved a visual acuity of 20/300; in 
this patient Bacillus insection was not 
speciated. This case was unique in 
that it was the only Bacillus infection 
(excluding the primary evisceration) 
that was not treated wich intraocular 
clindamycin. When suosequent cul- 
tures revealed Bacillus nfection, sub- 
conjunctival and systemic clindamy- 
cin therapy was given without per- 
forming a repeated intravitreal injec- 
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tion. The last patient, whose case is 
described herein, presented at an ear- 
lier stage of infection (15 hours subse- 
quent to trauma) than all the other 
patients. Bacillus cereus was subse- 
quently cultured, and the infection 
was successfully treated with intrao- 
cular, subconjunctival, topical, and 
systemic gentamicin and clindamycin. 
The corrected final visual acuity was 
20/60. 


COMMENT 


While B cereus is a well-known 
cause of endogenous endophthalmitis 
in intravenous drug abusers,*'’ it was 
not until 1952 that Davenport and 
Smith’ drew attention to B cereus as a 
cause of panophthalmitis following 
trauma. Their case was associated 
with an intraocular metallic foreign 
body. Prior to the discovery of the 
importance of this organism as an 
ocular pathogen, many laboratories 
considered Bacillus species to be a 
contaminant, excepting Bacillus an- 
thracis." This may explain why early 
reports of posttraumatic endophthal- 
mitis did not find Bacillus species to 
be frequent pathogens. 

In 1980, O’Day et al* drew attention 
to the clinical significance of B cereus 
as a virulent cause of posttraumatic 
endophthalmitis. They reported their 
results in the management of six 
cases of panophthalmitis caused 
by this organism, all of which were 
associated with an intraocular metal- 
lic foreign body. Four of these 
patients required enucleation or evis- 
ceration. The last two were treated 
with intraocular, periocular, and sys- 
temic gentamicin and clindamycin at 
an earlier stage of infection; in these 
cases, the globe was saved, but all 
vision was lost. Emphasizing the 
resistance of this organism to the 
penicillins and cephalosporins, O’Day 
et al presented data demonstrating 
that treatment with the combination 
of intraocular gentamicin and clinda- 


mycin was synergistic and more effec- 
tive in controlling infection caused by 
this organism than with either antibi- 
otic used alone. O’Day et al described 
the typical presenting features of this 
infection as a rapidly progressive 
panophthalmitis, often associated 
with a ring corneal infiltrate and a 
leukocytosis. They emphasized the 
importance of a high index of suspi- 
cion leading to the early initiation of 
intraocular gentamicin and clindamy- 
cin therapy in cases in which infection 
with this organism was suspected. 

In a recent review of posttraumatic 
endophthalmitis, Brinton et al de- 
scribed 19 consecutive cases of cul- 
ture-proved endophthalmitis after 
trauma seen over an eight-year peri- 
od. In five (26.3%) of these cases, 
Bacillus species were isolated. All five 
of these cases were associated with an 
intraocular metallic foreign body. One 
patient infected with B subtilis 
retained light perception, while the 
other four patients underwent enucle- 
ation or experienced loss of light per- 
ception. When Brinton et al combined 
their results with those of four other 
series (56 cases), it was found that in 
nearly 27% of these cases (15 
patients), Bacillus species were cul- 
tured.^!7 The visual outcome has 
been reported in 13 of these 15 Bacil- 
lus infections. The best outcome was 
count fingers vision in one patient 
infected with Bacillus coagulants.'* 
Brinton et al suggested treatment 
with intraocular, periocular, and sys- 
temic clindamycin in combination 
with gentamicin in all cases of con- 
firmed Bacillus endophthalmitis. 

In our experience with posttrau- 
matic endophthalmitis over a five- 
year period, Bacillus was identified as 
the infecting organism in six (46% ) of 
13 culture-positive cases. Two of these 
Bacillus infections were speciated and 
found to be B cereus. Our data and the 
experience of Brinton et al draw 
attention to the importance of consid- 
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ering a Bacillus infection in cases of 
posttraumatic endophthalmitis, par- 
ticularly when selecting therapy. 
While some authors advocate treat- 
ment with intraocular gentamicin and 
clindamycin for all cases of endoph- 
thalmitis, including posttraumatic 
cases,'*!’ others recommend this com- 
bination only for  culture-proved 
Bacillus infections or when there is a 
high index of suspicion for a Bacillus 
infection.2* Unfortunately, the fre- 
quently used combination therapy of 
gentamicin and cefazolin is often inef- 
fective in treating virulent Bacillus 
infections and can lead to a poor 
visual outcome if this organism is 
present. We believe that the success- 
ful outcome of our patient with B 
cereus endophthalmitis was the result 
of the early initiation of therapy with 
intraocular clindamycin and gentami- 
cin, and we recommend that this com- 
bination be used in all cases of sus- 
pected posttraumatic endophthalmi- 
tis. 

Our series illustrates the difficulty 
of selecting which cases of early post- 
traumatic endophthalmitis may rep- 
resent a Bacillus infection. The classic 
presentation of a B cereus infection, 
described as a panophthalmitis in 
association with a ring corneal infil- 
trate, leukocytosis, and fever, may be 
absent early in the course of the dis- 
ease, when therapy is most effective. 
These findings were not seen in the 
patient described herein and were 
absent in half of our patients. The 
presence of a metallic intraocular for- 
eign body, which was noted in all of 
the patients described by O'Day et al* 
and Brinton et al, is also not an 
invariable finding and was present in 
only one of our six Bacillus infections. 
These differences in findings high- 
light the inaccuracy of adjusting anti- 


1. Driebe WT, Mandelbaum S, Forster RK, et 
al: Pseudophakic endophthalmitis: Diagnosis and 
management. Ophthalmology 1986;93:442-448. 

2. Brinton GS, Topping TM, Hyndiuk RA, et al: 
Posttraumatic endophthalmitis. Arch Ophthal- 
mol 1984;102:547-550. 

3. Puliafito CA, Baker AS, Haat J, et al: Infec- 
tious endophthalmitis: Review of 36 cases. Oph- 
thalmology 1982;89:921-929. 

4. O’Day DM, Smith RS, Gregg CR, et al: The 
problem of Bacillus species infection with special 
emphasis on the virulence of Bacillus cereus. 
Ophthalmology 1981;88:833-838. 

5. Davenport R, Smith C: Panophthalmitis due 
to an organism of the Bacillus subtilis group. Br J 
Ophthalmol 1952;36:389-392. 

6. O'Day DM, Smith RS, Andrews JS, et al: 
Pathogenetic mechanisms in Bacillus cereus 
panophthalmitis, abstracted. Invest Ophthalmol 
Vis Sci 1980;19(suppl):111-112. 

7. Turnbull PC, Kramer JM, Jørgensen K, et 
al: Properties and production characteristics of 
vomiting, diarrheal, and necrotizing toxins of 


biotic therapy on the basis of the 
clinical presentation in posttraumatic 
endophthalmitis. 

Our case report demonstrates that 


virulent posttraumatic JB cereus 
intraocular infections may be success- 
fully treated, with preservation of 
useful vision, if the ocular damage 
surrounding the injury is not irrepa- 
rable and if treatment is begun at an 
early stage of inflammation with the 
combination of intraocular, periocu- 
lar, and systemic gentamicin and clin- 
damycin. In contrast to our other 
cases, for example, this patient pre- 
sented at the earliest time subsequent 
to penetrating trauma (15 hours) and 
had less extensive intraocular inflam- 
mation at intravitreal antibiotic 
administration. Those patients who 
presented late with a panophthalmitis 
or extensive intraocular inflammation 
could not be successfully treated 
despite appropriate treatment. Other 
factors, such as variations in antibiot- 
ic sensitivity and  host-organism 
interactions, may also affect out- 
come. 

Given the high frequency and poor 
prognosis of Bacillus infections in the 
setting of trauma, we still believe that 
treatment with intraocular clindamy- 
cin, in conjunction with intravitreal 
gentamicin, is justified in all cases of 
suspected posttraumatic endophthal- 
mitis. We use the following intravit- 
real doses recommended by Peyman 
et al^" as nontoxic to the retina: 
gentamicin, 200 ug, and clindamycin, 
450 jug. Periocular subconjunctival 
therapy consists of gentamicin, 40 mg, 
and clindamycin, 35 mg. Systemic 
therapy includes intravenous genta- 
micin, 3 to 5 mg/kg/d and clindamy- 
cin, 25 to 40 mg/kg/d. The rationale 
for the use of subconjunctival and 
intravenous clindamycin is based on 
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the work of Tabbara and O'Connor." 
They demonstrated that vitreous lev- 
els that would be therapeutic for B 
cereus infections could be obtained 
with subconjunctival and intramuscu- 
lar injections. The most serious 
adverse effect of systemic clindamy- 
cin therapy, however, is pseudomem- 
branous colitis, which, in various 
studies, has an incidence that ranges 
between 0.01% and 10%.” Pseudo- 
membranous colitis, whieh can occur 
with other antibiotic therapies that 
alter the bowel flora, such as ampicil- 
lin therapy, is felt to be the result of 
cytotoxin produced by an overgrowth 
of Clostridia difficile in the bowel. It 
is generally effectively treated with 
orally administered vancomycin 
but can rarely be fatal.” For this 
reason we discontinue systemic 
clindamycin therapy if intraocular 
cultures fail to demonstrate a Bacillus 
species. 

Recent work by Pflugfelder et al^? 
with intraocular vancomycin hydro- 
chloride in pigmented rabbits has 
demonstrated this antibiotic to be 
nontoxic to the retina a! an intravit- 
real dose of 2 mg or less. They also 
demonstrated that Bacillus species 
were sensitive to this antibiotic in 
vitro and that some synergism existed 
when vancomycin was used with gen- 
tamicin. Further investigation may 
prove that the combination of intra- 
ocular gentamicin and vancomycin is 
also an effective therapy for posttrau- 
matic endophthalmitis caused by 
Bacillus species. It is hoped that with 
the use of antibiotics effective against 
Bacillus infections, more vision will 
be salvaged in the patients with trau- 
matic endophthalmitis. 
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Acute Severe Irreversible Visual Loss With 
Sphenoethmoiditis-'Posterior' Orbital Cellulitis 


Michael L. Slavin, MD, Joel S. Glaser, MD 


@ Orbital cellulitis secondary to adja- 
cent paranasal sinusitis presents with 
marked proptosis, ophthalmoplegia, eye- 
lid edema, chemosis, and/or conjunctival 
hyperemia. These conditions often pre- 
cede visual dysfunction. ‘‘Posterior”’ 
orbital cellulitis secondary to sphenoeth- 
moidal sinusitis may be defined as the 
clinical symdrome in which early severe 
visual loss overshadows or precedes 
accompanying inflammatory orbital signs. 
The visual loss may be attributed to 
involvement of the intracanalicular or 
orbital apical segment of the optic nerve. 
Total irreversible unilateral visual loss 
developed in three patients with this syn- 
drome. Severe visual loss was preceded 
by diplopia in one patient and by bilateral 
eyelid edema in another. One patient with 
chronic panparanasal sinusitis with acute 
visual loss presented with isolated optic 
disc edema. Proptosis and ductional 
restriction subsequently developed. The 
irreversibie blindness in these cases may 
be due to a combination of intracanalicu- 
lar edema and vasculitis causing optic 
nerve infarction. 

(Arch Ophthalmol 1987;105:345-348) 
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‘Oe cellulitis (OC) due to direct 
extension of infection from con- 
tiguous paranasal sinusitis is a well- 
recognized syndrome. Visual dysfunc- 
tion may occur concomitant with or 
following signs of marked proptosis, 
eyelid edema, chemosis, and/or severe 
ductional restriction. On the other 
hand, orbital apex syndrome second- 
ary to adjacent sphenoethmoidal 
Sinusitis, with marked visual loss and 
ophthalmoplegia but with minimal 
proptosis or signs of anterior segment 
inflammation, is rarely described.' 
Moreover, to our knowledge, isolated 
severe visual loss as the initial sign of 
this type of orbital apex syndrome has 
not been reported. 

We report three cases of symptom- 
atic sphenoethmoidal sinusitis in 
which severe monocular visual loss 
overshadowed or preceded signs of 
inflammatory orbital disease, a syn- 
drome we call “posterior” orbital cel- 
lulitis (POC). One patient presented 
solely with visual dysfunction and was 
found to have isolated optic dise ede- 
ma. Visual loss was permanent 
despite treatment in all cases with 
intravenous antibioties and cortico- 
steroids and in two cases with para- 
nasal sinus decompression. Misdiag- 
noses in these cases included cranial 
arteritis, anterior ischemic optic neu- 
ropathy, postviral optic neuritis, and 
mucormycosis. 


REPORT OF CASES 


Case 1I.— Cough, nasal discharge, and a 
temperature of 39.2?C developed in a 
healthy 14-year-old girl on Feb 10, 1984. 
Several days later she complained of mod- 
erate frontal headache, and her tempera- 
ture was 38.1°C. A diagnosis of paranasal 
sinusitis was made, and amoxicillin thera- 
py, 250 mg three times per day by mouth, 


was begun. Bilateral upper and lower eye- 
lid edema was first noted by the patient on 
the evening of Feb 16, 1984. The next 
morning she awakened with no vision in 
the left eye. A diagnosis of postviral optic 
neuritis (parainfectious optie neuritis) was 
made. 

Neuro-ophthalmologic examination on 
Feb 17, 1984, revealed visual acuities of 
20/20 OD and no light perception in the 
left eye. The eyelids were erythematous 
with 2+ edema. There was no proptosis, 
and retropulsion of each globe was normal. 
Extraocular movements were unremark- 
able. Conjunctivae were normal, and epi- 
scleral venules were not engorged. An 
amaurotic pupil was presert on the left. 
Funduscopic examination showed minimal 
left optic disc edema without hemorrhages 
or exudates. 

Computed tomography of the head (Fig 
1) revealed panparanasal sinusitis. Intra- 
venous penicillin G potassium and chlor- 
amphenicol therapy was begun. The next 
morning, bilateral sphenoethmoidotomies 
and intranasal antrotomies were per- 
formed. Histopathologic examination of 
the sinus mucosa showed edema and mono- 
nuclear infiltrate. Neither fungi nor bacte- 
ria were detected. Penicillin G potassium, 
oxacillin, chloramphenicol, and 4 mg four 
times per day of dexamethasone were 
administered postoperatively. Examina- 
tion on Feb 21, 1984, revealed normal eye- 
lids, but the left visual acuity showed no 
improvement. 

There was no visual improvement during 
1!^-year follow-up communication. 

Case 2.—A 59-year-old woman was well 
until Oct 11, 1980, when an upper respira- 
tory tract infection developed. That same 
day, dental work was perfermed on the 
right upper molars. One day later she noted 
severe right frontotemporal headache and 
green rhinorrhea, and that evening, hori- 
zontal diplopia ensued. The next morning 
she awakened with no light perception in 
the right eye. Paranasal sinus tomography 
revealed ethmoidal sinusitis (Fig 2), and 
oral antibiotic therapy was begun. Based on 
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Fig 1.—Case 1. Axial (left) and coronal (right) computed tomograms of head showing panparanasal sinusitis (ethmoidal 
sinus, large arrowhead [left and right]; sphenoidal sinus, arrow [left]; and maxillary sinus, small arrowheads |left]). 


Fig 2.—Case 2. Anteroposterior computed 
tomogram showing soft tissue infiltrate of right 
ethmoidal sinus (arrow) without bony destruc- 
tion, compatible with sinusitis. Medial wall of 
orbit (arrowhead) is intact. 


presumptive retrobulbar ischemic optic 
neuropathy, prior symptoms of diplopia, 
and an erythrocyte sedimentation rate of 60 
mm/h, however, cranial arteritis was diag- 
nosed. Corticosteroid therapy was begun, 
but results of a superficial temporal artery 
biopsy were negative. 

On Oct 16, 1980, examination revealed 
visual acuity of no light perception, mild 





Fig 3.—Case 2. Computed axial tomogram of the head demonstrating right ethmoidal and 
sphenoidal sinusitis (black arrowheads). Note adjacent superior orbital fissure (white arrow- 


head). 


proptosis, moderate abduction and adduc- 
tion palsy, and diminished corneal reflex 
on the right side. Fundi were normal bilat- 
erally. Computed tomography of the head 
(Fig 3) revealed ethmoidal and sphenoidal 
sinusitis. Intravenous amoxicillin therapy 
was begun, and corticosteroid therapy was 
discontinued. Extraocular motility was 
markedly improved, and she was able to 
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perceive hand movements on Oct 19, 1980. 

There was no improvement in visual 
acuity in the right eye at a six-month 
follow-up examination. 

CASE 3.—A 65-year-old man with uncon- 
trolled insulin-dependent diabetes mellitus 
noted right periorbital pain and yellowish, 
sticky discharge from both nostrils, more 
from the right than the left. Paranasal 


‘Posterior’ Orbital Cellulitis— Slavin & Glaser 


sinus x-ray films revealed maxillary sinus- 
itis, and oral antibiotic therapy was begun. 
There was symptoma-zc improvement, but 
intranasal maxillary sinus drainage was 
performed five weeks later. Three months 
afterward, he first complained of “blurry 
vision” in his right eye. There was no 
associated ocular pain, diplopia, or other 
neurologic symptoms. Results of ophthal- 
mologic examination were normal except 
for optic disc edema. A diagnosis of cranial 
arteritis was considered, but results of a 
temporal artery biopsy were negative. 

Six weeks later there was sudden 
marked right visual oss. Neuro-ophthal- 
mologic examination revealed visual acui- 
ties of hand movements in the right eye 
and 20/20 OS. A certrocecal scotoma on 
the left was noted. Two millimeters of 
proptosis, diffuse dactional restriction, 
and infratemporal ckemosis on the right 
side were detected. Pupils were of equal 
size with a marked right afferent pupil 
defect. The right optic disc had the appear- 
ance of chronic sweling with drusenlike 
excrescences on its surface. The left optic 
dise was normal. Computed tomography 
revealed extensive sof--tissue opacification 
of the paranasal sinuses, nasal fossa, and 
nasopharynx. A diagnosis of mucormycosis 
was considered, and a »ilateral pansinusec- 
tomy and right-sided Caldwell-Luc proce- 
dure were performed. Histopathologic ex- 
amination revealed marked lymphocytic 
infiltration of soft tissaes without polymor- 
phonuclear cells. There was no evidence of 
vasculitis or granulomatous response. No 
fungi or bacteria were identified. 

There was no change in visual function 
at a six-month follow-up examination. 


COMMENT 


Orbital cellulitis and its subgroups, 
subperiosteal and orbital abscess, 
may result from contiguous bacterial 
infection of the paranasal sinuses, 
commonly the ethmoidal sinus. The 
clinical syndrome is characterized by 
prominent signs of orbital soft-tissue 
involvement, including proptosis, oph- 
thalmoplegia, eyelic edema, chemosis, 
and visual loss. Crbital apex syn- 
drome or isolated visual loss with 
minima! accompanring inflammatory 
orbital signs caused by an adjacent 
posterior ethmoidal or sphenoidal 
sinusitis constitutes the syndrome of 
POC. 

Case reports of POC in the litera- 
ture are scanty. Although Kron- 
schnabel^ reported six cases in an 
article entitled “Orbital Apex Syn- 
drome Due to Sinus Infection,” these 
case reports are typical of OC, with 
accompanying complications such as 
severe blindness and cavernous sinus 
thrombosis. In 1893, Trantas? de- 
scribed a patient with total ophthal- 
moplegia, incomple-e amaurosis, and 
other "ocular complications" second- 
ary to paranasal sinusitis. In 1945, 
Kjoer' described a 59-year-old man 
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who presented with unilateral pain in 
the periorbital area, blepharoptosis, 
and total blindness. The patient had 
experienced a purulent nasal dis- 
charge over the preceding two-month 
period. On examination, total oph- 
thalmoplegia, blepharoptosis, and 
visual loss were detected. There was 
no proptosis, and conjunctival hyper- 
emia was minimal. A roentgenogram 
showed unilateral panparanasal si- 
nusitis. Despite maxillary sinus aspi- 
ration and frontal sinusectomy, the 
patient’s condition declined rapidly, 
and he died. Postmortem examination 
revealed dense coagulated fibrin 
involving the ethmoidal and sphenoi- 
dal sinuses. Jarrett and Gutman? 
described a 26-year-old woman with 
nasal stuffiness and rhinorrhea who 
presented with acute unilateral visual 
loss (hand movements) and swelling 
of the eyelids but no proptosis or 
chemosis. Right paranasal sinusitis 
was detected on x-ray films, and nasal 
cultures yielded Staphylococeus albus. 
Within 24 hours after treatment with 
intravenous antibiotics, her visual 
acuity recovered to 20/60. Within 
48 hours, visual acuity improved to 
20/20 with normal visual fields. The 
presumptive diagnosis was “optic 
neuritis” secondary to  paranasal 
sinusitis. This case was similar in 
presentation to our case 1, although 
visual loss was irreversible in our case 
(see below ). 

Why does contiguous spread from 
sphenoethmoiditis resulting in POC 
occur so infrequently? Perhaps the 
relative incidence of OC and POC 
reflects the peculiar anatomy of the 
interface between the anterior and 
posterior orbits and the adjacent 
paranasal sinuses. The ethmoidal 
sinuses are separated from the orbital 
contents by the lamina papyracea. 
This bony barrier is wafer thin and 
commonly exhibits congenital dehis- 
cences. The anterior and posterior 
ethmoidal foramina serve as addition- 
al connections that may allow infec- 
tion to gain access from ethmoidal air 
cells to the orbital contents. The per- 
iorbita in this area, furthermore, is 
rather loosely attached to bone and 
may be elevated by a purulent collec- 
tion, resulting in subperiosteal ab- 
scess. In contrast, the bony barrier at 
the orbital apex is more significant, 
and the periorbita is firmly attached 
to bone, providing an additional barri- 
er to spread of infection. However, 
Renn and Rhoton’ showed in human 
cadavers that 4% of optic nerves with- 
in the optic nerve canal had segments 
covered only by leptomeninges and 
sphenoidal sinus mucosa but not by 
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bone. The latter fact may explain the 
vulnerability of the optic nerve when 
adjacent sphenoidal sinusitis exists. 

Severe irreversible visual loss may 
occur in cases with orbital and sub- 
periosteal abscess. Indeed, from a 
total of 46 cases reported in the liter- 
ature®!! with a confirmed diagnosis 
of orbital and subperiorbital abscess 
in which visual results were reported, 
permanent monocular blindness de- 
veloped in seven cases (15% ). In four 
cases blindness was secondary to cen- 
tral retinal artery occlusion. In two 
cases optic atrophy occurred, and in 
one case no details were given. The 
etiology of visual less in OC may 
include vascular compromise of the 
optic nerve or retina, compressive 
optic neuropathy, or inflammatory or 
infectous (infiltrative) optic neuropa- 
thy. Increased orbital pressure may 
lead to vascular insufficiency second- 
ary to traction on the optic nerve and 
central retinal artery or due to 
decreased orbital arterial and in- 
creased venous pressure. Vasculitis 
due to inflammatory factors or toxic 
factors (septic vasculitis) may also be 
operative. Indeed, the case of POC 
reported by Kjoer! (see above), post- 
mortem examination of the proximal 
optic nerve showed marked necrosis 
with severe thromboangiitis of its 
vasculature. Acute irreversible severe 
visual loss in OC and POC probably 
has a vascular cause, whereas cases 
with subtotal visual loss that respond 
to antibiotic therapy and drainage 
procedures most likely are due to 
infiltrative or compressive optic neu- 
ropathy. The confinement of the optic 
nerve in the orbital apex and within 
its bony canal and its proximity to the 
posterior ethmoidal and sphenoidal 
sinuses magnify the importance of the 
causal factors in POC. Last, one may 
postulate that acute compression of 
the optic nerve may occur not only 
from edema and increased pressure in 
the orbital apex but possibly from 
marked bowing of posterior ethmoidal 
air cells. 

Our case 1 was initially diagnosed 
as parainfectious optic neuropathy. 
The accompanying eyelid edema, how- 
ever, would be an unusual accompany- 
ing sign in this condition. Also, total 
unilateral blindness and failure of 
recovery are not features of this enti- 
ty. In case 2, the combination of diplo- 
pia and posterior ischemic optic neu- 
ropathy was incorrectly attributed to 
cranial arteritis. In case 3, visual loss 
with optic disc edema in isolation was 
initially diagnosed as cranial arteri- 
tis. The progressive visual loss, how- 
ever, demanded further  workup. 


‘Posterior’ Orbital Cellulitis—Slavin & Glaser 347 





eT a 





Although the literature is replete 
with cases of isolated visual loss (optic 
neuritis) in association with paranas- 
al sinusitis,"^ a cause-and-effect 
relationship in these cases is rarely 
demonstrated. Indeed, many such 
cases were later noted to have devel- 
oped neurologic features compatible 
with multiple sclerosis.'*"* A diagnosis 
of optic neuritis should be withheld if 
accompanied by signs of orbital 
inflammation or if progressive visual 
loss ensues. With concomitant orbital, 
optic nerve, and paranasal sinus dis- 
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ease, one should rule out vasculitides 
such as Wegener’s granulomatosis, 
opportunistic fungal infections such 
as mucormycosis, and acute compres- 
sive processes from sphenoethmoidal 
mucoceles and pyoceles. 

Physicians should be aware that 
patients with symptomatic sphe- 
noethmoiditis (demonstrated on com- 
puted tomography) are at risk for 
developing visual loss and should be 
treated promptly with intravenous 
antibiotics. Lack of improvement in 
otolaryngologic symptoms or the 
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Papillopathy Caused by Amiodarone 


John W. Gittinger, Jr, MD, George K. Asdourian, MD 


€ Disc swelling and hemorrhages 
appeared in three eyes of two men receiv- 
ing amicdarone hydrochloride for cardiac 
arrhythmias. The initial diagnosis was 
ischemic optic neuropathy, but visual acu- 
ity was preserved, and visual field 
changes were presert in only one eye. 
Amiodarone is a cationic amphiphilic com- 
pound, and other drugs with this property 
have keratopathy, retinopathy, and optic 
neuropathy as side effects. We believe 
our patients had an amiodarone-induced 
papillopathy. 

(Arch Ophthalmol 1987;105:349-351) 


JAmietirone hydrochloride regularly 

produces a keratopathy,'* but, to 
our knowledge, an optic neuropathy 
has not been previously recognized. 
Two of eur patients receiving amioda- 
rone as treatmeat for cardiac 
arrhythmias develbped segmental 
disc swelling and hemorrhages. 


REPORT OF CASES 


Case 1—A 45-year-cld man had a myo- 
cardial infarction in April 1983. Because of 
ventricular arrhythmias, he was placed on 
a regimen of 1200 mz/d of amiodarone 
hydrochloride. Five days after commenc- 
ing therapy, during a baseline ophthalmo- 
logic examination, he said he had had 
double -ision several years previously. 
This was diagnosed as ocular myasthenia 
gravis, and he was trezted for a time with 
pyridostizmine bromide. He was then 
asymptomatic, and resalts of his examina- 
tion were normal. 

In October he was grven bifocals by his 
personal ophthalmologist, and in Decem- 
ber he returned for a scaeduled reexamina- 
tion as part of an exper mental drug proto- 
col. He was receiving ssosorbide dinitrate 
(Isordil) and nitroglycerin (Nitropaste) in 
addition to the amiodarone. Visual acuity 
was 20/29 bilaterally, and color vision was 
normal. Visual fields were full by Gold- 
mann perimetry. Amiodarone keratopathy 
had developed (Fig 1) The left disc was 
swollen with splinter hemorrhages (Fig 2). 
No definite diagnosis was made, and no 
treatment was prescribed. Two weeks lat- 
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er, findings from his examination were 
unchanged. One month later, the hemor- 
rhages and disc swelling had resolved 
(Fig 2). 

In June 1984, a right hypertropia devel- 
oped in the pattern of a right superior 
oblique palsy. He was seen by a neurolo- 
gist; computed tomography was normal 
and an edrophonium test was negative. An 
electromyogram and nerve conduction 
study demonstrated only a mild peripheral 
neuropathy. 

His superior oblique palsy resolved over 
the next six months. Repeated ophthalmo- 
logic examinations during this period 
revealed no disc abnormalities. 

CaSE 2.— A 61-year-old man with known 
accelerated hypertension and cardiac 
arrhythmias had a myocardial infarction 
in December 1984. He developed ventricu- 
lar tachycardia in the emergency room 
where he underwent cardioversion. In 
December 1985, because of recurrent 
arrhythmias, he was placed on a regimen 
of 1200 mg/d of amiodarone hydrochloride. 
A baseline ophthalmologic examination 
revealed visual acuity of 20/20 OD and 
20/25 OS and mild lens changes. With 
control of the arrhythmias, his amioda- 
rone hydrochloride dosage was reduced to 
400 mg/d. 

In late February he awoke with hazy 
vision in the right eye, but he did not 
consult an ophthalmologist for three 
weeks. His visual acuity was then 20/25 
OU; a relative afferent pupillary defect 
was present in the right eye. Amiodarone 
keratopathy had developed. The right disc 
was swollen with a few flame-shaped hem- 
orrhages at the nasal margin. An erythro- 
cyte sedimentation rate was 11 mm/h, and 
the diagnosis of nonarteritic anterior isch- 
emic optic neuropathy was made. A neuro- 
logic consultant found no other abnormali- 
ties. 

No treatment was prescribed initially. 
When he returned a few days later, a 
similar ophthalmoscopic picture was 
present in the left eye, but its visual func- 
tion was unchanged. A temporal artery 
biopsy was performed, results of which 
were normal, and he was given a course of 
oral prednisone. Doppler duplex scanning 
of the carotid arteries, computed tomogra- 
phy of the head and orbits, and results of 
routine blood studies were unremarkable. 
He continued to receive amiodarone, isos- 
orbide, clonidine hydrochloride, nifedipine, 
and aspirin. Over the next two months his 
discs remained swollen and new hemor- 
rhages appeared, and he was referred to 
the University of Massachusetts Medical 


Center, Worcester, for neuro-ophthalmo- 
logic consultation. 

On May 28, 1986, his visual acuity was 
20/20 OD and 20/25 OS. Color vision was 
normal. There was a positive relative 
afferent pupillary defect on the right. 
Fields performed on a Goldmann perime- 
ter showed baring of the blind spot to the 
I-2-e isopter in the right eye and were full 
in the left eye. The superior right disc and 
the inferior left disc were swollen with 
flame-shaped hemorrhages (Fig 3). 

After discussion with his cardiologists, 
his dosage of amiodarone was halved. On 
July 11, 1986, his visual acuity was 20/20 
OU, with an inferior defect to the I-3-e 
present in the right eye visual field (Fig 4). 
The right disc was unchanged, but the 
swelling of the left disc had resolved (Fig 
3). At reexamination on Aug 27, the hem- 
orrhages around the right disc had 
resolved, and his visual field showed only 
mild constriction. 


COMMENT 


Amiodarone is a diiodinated benzo- 
furan compound that has been in use 
in Europe and South America over the 
past 15 years, primarily as an antiar- 
rhythmic? Most patients receiving 
amiodarone develop characteristic 
whorllike depositions of pigment in 
the corneal epithelium.* This is simi- 
lar to the keratopathy of Fabry's dis- 
ease, which is sometimes called cor- 
nea verticillata? Amiodarone kerato- 
pathy does not ordinarily affect vision 
and is considered a benign, potentially 
reversible side effect. More serious 
side effects of amiodarone include 
alterations in thyroid function, inter- 
stitial pneumonitis, and peripheral 
neuropathy. 

Amiodarone is a representative of a 
group of drugs having the physical 
chemical property of cationic amphi- 
philia^ Amphiphilic drugs, which 
have adjacent hydrophilic and hydro- 
phobic moieties on the same molecule, 
bind to polar lipids and accumulate 
within lysosomes. This drug-induced 
lysosomal disorder is the basis for the 
verticillate corneal epithelial 
changes.’ In addition to amiodarone, 
deposits have been observed in 
patients receiving amodiaquine hy- 
drochloride, chloroquine diphosphate, 
gentamicin sulfate, hydroquinone, 
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Fig 1.—Case 1. Amiodarone keratopathy in 
right eye. 





Fig 2.—Case 1. Left, Right eye in December 1983. Center, Left eye same day. Note segmental 


disc swelling and hemorrhages. Right, Left eye in January 1984. Disc swelling and hemorrhages 


have spontaneously resolved. 





Fig 3.—Case 2. Top left, Right eye in May 1986. Note deep hemorrhages inferior to disc. Top 
right, Left eye same day with segmental disc swelling and hemorrhages. Bottom left, Right 
eye in July 1986. Bottom right, Left eye same day. Hemorrhages and swelling have resolved 
in left eye. 


Retinal toxic reactions are of clini- 
cal importance in patients receiving 
chloroquine and X hydroxychloro- 
quine." Optic atrophy is mentioned as 


hydroxychloroquine sulfate, indo- 
methacin, monobenzone, perhexiline 
maleate, suramin sodium, and tilor- 
one.*!! 
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a potential side effect of these drugs," 
but they are widely used, and optic 
nerve toxic reactions are uncommon." 
Retinal toxic reactions seem to be rare 
with amiodarone. 

Another amphiphilic drug used in 
Europe for the treatment of angina, 
perhexilene, has been reported to 
cause disc swelling.?/^'* Although this 
has been called papilledema, the 
intracranial pressure was actually 
elevated in only one patient? In all 
others in whom it was measured, the 
intracranial pressure was normal. 
Unilateral disc swelling with normal 
visual acuity, similar to our case 1, 
occurred in one patient." 

The amphiphilic drug suramin, used 
in the treatment of onchocerciasis and 
in clinical trials for acquired immuno- 
deficiency syndrome," has been impli- 
cated as a cause of optic neuropathy.” 
Gibson et al? pointed out that clioqui- 
nol (iodochlorhydroxyquin) the halo- 
genated hydroxyquinoline, believed to 
have been responsible for the epidem- 
ic of subacute myelo-optic neuropathy 
in Japan is amphiphilic. Another 
halogenated hydroxyquinolone, iodo- 
quinol  (diiodohydroxyquin), also 
causes optic atrophy.? Corneal depos- 
its are not described, but both drugs 
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Fig 4.—Case 2. Visual telds obtained in July 1986 demonstrate inferior defect to I-3-e isopter in 


right eye. 


are closely related to hydroxychloro- 
quine. 

Papilledema wita documented in- 
creased intracranial pressure has 
recentiy been reported in one patient 
receiving amiodarene? We did not 
perform a lumbar »uncture in either 
of our patients because it did not seem 
clinieally indicated in view of the uni- 
laterality of their presentations. 
Although increasec intracranial pres- 
sure cannot be abso utely excluded, we 
consider this an urlikely explanation 
for the observed findings. 

The ophthalmoscopic picture in our 
patients is similar to that encountered 
in ischemic optic neuropathy; howev- 
er, in two of the taree eyes affected, 
the visual acuity and fields were nor- 
mal. This would be atypical for either 
anterior ischemic optic neuropathy or 
true papillitis. Unless the basis for the 
disc changes is better defined, we sug- 
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gest it be termed amiodarone papillo- 
pathy. 

The vision in two of the eyes with 
amiodarone papillopathy was unaf- 
fected. In one patient, the process was 
self-limited; in the other patient, the 
disc swelling resolved when the dos- 
age was halved. Amiodarone is highly 
protein bound and has an elimination 
half-life of 30 to 40 days,‘ so that any 
beneficial effects from stopping the 
drug therapy should take time. It is 
surprising, then, that in the single 
case of amiodarone-induced pseudotu- 
mor cerebri, intracranial pressure 
returned to normal within a week 
after discontinuing the drug treat- 
ment.” 

The mechanism of amiodarone 
papillopathy is unknown, although 
amphiphilic drugs appear to share, in 
different degrees, the potential for 
corneal, retinal, and optic nerve toxic 
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reactions. In animal studies, the cyto- 
plasmic inclusions caused by amioda- 
rone are found in several ocular tis- 
sues.?? In fact, oral administration 
produced pathologic changes in rat 
retina, but topical application was 
necessary to induce corneal changes.” 
Amiodarone-induced cytoplasmic in- 
clusions are not found in tissues pro- 
tected by the blood-brain or blood- 
nerve barrier in rats and mice,” but 
humans develop a peripheral neuro- 
pathy with inclusions in all nerve cell 
types and elevation of cerebrospinal 
fluid protein levels.” 

The cardiac arrhythmias being 
treated by amiodarone are potentially 
life threatening, and disc swelling in a 
patient receiving amiodarone should 
not be considered an absolute indica- 
tion to discontinue the drug therapy 
or even to reduce its dosage. Such 
decisions must be made on an individ- 
ual basis. 

The incidence of optic nerve toxic 
reactions in patients receiving amio- 
darone remains to be determined. We 
have examined approximately 150 
patients receiving amiodarone over 
the past eight years, and these were 
the only two instances of optic disc 
involvement encountered. There is a 
mention in a report of a series of 
amiodarone keratopathies of one 
patient who was said to have ischemic 
optic neuropathy, not further charac- 
terized, that perhaps also represents 
amiodarone papillopathy? Amioda- 
rone has only recently been released 
for general use in the United States, 
and ophthalmologists should be alert 
for the combination of keratopathy 
and papillopathy. 
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Radiotherapy for Choroidal Melanoma 


An 18-Year Experience With Radon 


Frederick H. Davidorf, MD; John T. Pajka, MD; Torrence A. Makley, Jr, MD; Mukuna K. Kartha, PhD 


e Twenty-three patients were treated 
with radon therapy for choroidal melano- 
ma at the Ohio State University Hospitals, 
Columbus, between 1968 and 1976. We 
present an 18-year experience, including 
follow-up of at least eight years, in all 
those receiving therapy. Three patients 
(13%) died of metastatic disease. Four 
patients (17.4%) died of other causes. 
Sixteen patients (69.6%) were alive, with 
no signs of metastatic disease. Eight 
patients subsequently required enucle- 
ation due to inadequate tumor response. 
Of the 15 patients who demonstrated 
successful tumor destruction and re- 
tained their eyes, 13 (86.7%) developed 
substantial irradiation-induced retinopa- 


thy, including hard exudates, telangi- 
ectasias, neovascularization, micro- 
aneurysms,  intraretinal and vitreous 


hemorrhages, secondary glaucoma, and 
irradiation-induced cataract. Our long- 
term results indicate a high incidence of 
both vascular complications and de- 
creased visual acuity. 

(Arch Ophthalmol 1987;105:352-355) 


ur interest in irradiation as a 

treatment modality for choroidal 
melanoma began in 1968 and was 
designed for one-eyed patients or for 
those who refused enucleation. Mela- 
nomas are generally radioresistant; 
however, Stallard' showed that if one 
uses a sufficiently high radiation 
source applied to the base of the 
lesion, some of these choroidal mela- 
nomas can be eradicated. Many cen- 
ters now employ some form of radio- 
therapy for the treatment of choroidal 
melanoma, and hundreds of patients 
now have completed therapy. In deal- 
ing with ocular neoplasms, long-term 
follow-up studies are extremely 
important for the evaluation not only 
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of survival rates but also of late com- 
plications of the therapy itself. Long- 
term follow-up studies are beginning 
to become available. However, the 
available information comes from ret- 
rospective series. The role of radio- 
therapy for treatment of malignant 
melanoma as it relates to survival 
needs to await the results of long- 
term controlled prospective studies. 
We present the long-term follow-up 
results (Table 1) of 23 patients with 
choroidal melanoma treated with 
radon therapy. 


PATIENTS AND METHODS 


All 23 patients described in this study 
were examined at the Retina Service, 
Department of Ophthalmology, Ohio State 
University Hospitals, Columbus. Evalua- 
tion for choroidal melanoma, and subse- 
quent radon therapy, occurred between 
May 1968 and December 1976. Subjects 
included one-eyed patients and those 
patients refusing enucleation. Mean age at 
the time of therapy was 55 years, with a 
range of 22 to 76 years. Twelve men and 11 
women were treated, involving nine left 
eyes and 14 right eyes. 

Malignant melanomas were diagnosed 
and quantified on the basis of clinical 
features and through diagnostic tests, 
including ophthalmoscopy, flourescein an- 
giography, fundus photography, and quan- 
titative A-scan ultrasonography. In addi- 
tion, each patient underwent a metastatic 
evaluation. Tumors were evaluated and 
assigned to groups with designations of 
small, medium, and large. Volumes were 
calculated by multiplying tumor height by 
width by length. Divisions were defined 
arbitrarily as follows: small tumors, less 
than 300 mm; medium tumors, larger than 
300 mm? but smaller than 675 mm; and 
large tumors, greater than 675 mm’. 
According to these designations, 17 tumors 
were classified as small, two as medium, 
and four as large. 

Previous publications outlined the meth- 
od of radiation dosage estimation, descrip- 
tion of radon ring design, and surgical 
procedure. Gold seeds filled with radon 
gas formed the radiation source. A poly- 
ethylene ring sized to overlap the diameter 
of the tumor base by 2 mm contained the 
seeds. Sutures held the ring to the sclera 
overlapping the tumor. Radiation dosages 
delivered to the tumor apex ranged from 
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6000 to 10 000 rad (60 to 100 Gy) and from 
20 000 to 25 000 rad (200 to 250 Gy) to the 
tumor base. 

Postoperative examination, including 
ophthalmoscopy, fundus photography, flu- 
orescein angiography, and ultrasonogra- 
phy, were performed at three- and six- 
month intervals. The presence of a rela- 
tively flat, atrophic-looking scar was used 
to indicate successful treatment. Failure of 
tumor regression and/or documentation of 
tumor growth indicated treatment fail- 
ure. 


RESULTS 
Tumor Response 


Of the 23 patients, 15 (65.2% ) dem- 
onstrated successful tumor destruc- 
tion, with a mean onset of initial 
tumor response of five months and a 
range of two to ten months. Eight 
patients (34.8% ) required subsequent 
enucleation, seven due to inadequate 
tumor response and one due to a pain- 
ful eye. Average time from implant to 
enucleation was 12 months, with a 
range of five to 32 months. Of the 17 
tumors classified as small, 11 (64.7% ) 
showed successful tumor shrinkage 
and inactivity. Both medium-sized 
tumors, with volumes of 360 and 336 
mm, also demonstrated tumor atro- 
phy. One of these two patients with a 
flat, inactive scar, subsequently died 
of metastatic disease at 63 months’ 
follow-up. One of four large tumors 
(900 mm?) demonstrated successful 
destruction. Of the eight eyes that 
required enucleation, five had small 
tumors and three had large tumors. 
The mean volume of tumors that 
underwent successful treatment was 
219 mm’, with a range of 72 to 990 
mm. The mean volume of tumors in 
enucleated eyes was 601 mm', with a 
range of 108 to 1620 mm’. 


Mortality 


Three patients (13.0% ) died of met- 
astatic disease during the follow-up 
period. Tumors in these eyes were 
classified as one small, one medium, 
and one large. Survival rate from met- 
astatic disease for 20 patients was 
86.9% at five years. After the sixth 
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| 3 
| Table 1.— Patient Data * | | 
Visual Acuity Interval From 
Patient No. ^ Tumor Size, — Implant to Cause of Death 
Age at Implant, Date of mm, Tumor Total Dose, Pre- Enucleation, (Months 
v/Sex Implant LXWXH Location Rad (Gy) operative Final mo Cell Type Postoperative) 
1/56/M S/71 FSxoxta Posterior pole 6090 20/20 Enuc 32 Spindle B MI (114) 
near equator (61) Hh 
2/76/M 4/71 6X6X3 Posterior pole 20/50 NLP 1 
3/67/F 6/76 15 X 12 X 2 Superior to 20/300 20/50 
posterior pole 
4/66/M 10/70 7.5X6X1 Inferotemporal to 20/25 20/70 
posterior pole 
15 X 15 X 1.5 Inferotemporal to Metastatic disease 
posterior pole (63)t 
5/60/F 12/76 tx 10X2 Superior equator 
7/52/M 8X8X2 Temporal 
periphery 
B/37/F 16 X 16X 4 Supraonasal, Fascicular Metastatic disease 
anterior to (33) 
equator 
9X 12X2 Supratemporal to 20/400 
posterior pole 
10/38/F 6/71 15X 18X6 Temporal 7000 20/200 Enuc 13 Mixed 
equator (70) 
11/62/F 12/71 7.5X7.5X3 Posterior pole 20/20 20/50 Metastatic disease | 
(27)t 4 


Midnasal 20/20 20/20 "m TY Et - 


periphery 


12/31/M 5/72 10 X 12 X 1.5 


13/54/M 9X 10X2.5  Perimacular 20/60 Spindle B CVA (133) 


6/73 10 X 10x 3 Anterior equator 


7/70 5X5X4 Temporal to 20/400 


posterior pole 


19/72 6X9X1 Superior to 20/400 


posterior pole 


6X7X4 Posterior pole 20/300  Enuc Spindle B 





7800 CF NLP bad CVA (119) 


(78) 
Supratemporal to 8300 
posterior pole (83) 
Inferotemporal to 9000 
posterior pole (90) 


18/72! F 12/70 12X5x5 Anterior equator 


5/74 6X6X2 20/70 20/60 


4/68 5X5X6 20/30 20/40 ASCVD (114) 


11/71 15 X 15X 5 Supranasal 20/100  Enuc Spindle B 


equator 


21/22/M 


8/74 37.5X 10X2 Supratemporal to 8600 


posterior pole (86) 
7.5X7.5X2.5 Equatorial 


22/64/F 


4/74 





* L indicates length; W, width; H, height; Enuc, enucleation; MI, myocardial infarction; NLP, no light perception; CVA, cerebrovascular accident; CF, counting fingers; 
ASCVD. arteriosclerotic cardiovascular disease; and HM, hand motions. 
[Patients dead of metastatic disease, with flat and atrophic-looking choroidal mass. 


year, no patients were found to have 
metastatic disease. One male patient 
showing total tumor atrophy of a 
medium-sized tumor (337 mm?) died 
of metastasis five years three months 


after initiation of therapy. One wom- Visual Acuity Hard exudates 8 (53.3) 
an died of metastatic melanoma to the Alterations in vision have been Intraretinal hemorrhage 9 (58.1) 
brain and hip 27 months following reported only in those 15 patients who er ice mac M re 
therapy despite some regression noted retained their eyes and who demon- Artenioler atisnuniibü 5 (33.3) 
in the choroidal tumor, whose initial strated successful tumor response, Neovascularization 3 (20.0) 
size was 159 mm’. Histological exami- defined herein as tumor mass reduced Cotton-wool spots 3 (20.0) 
nation of this eye was unavailable. to a flat, atrophic-looking scar. (Six of hem. LI r9, 
: ^ Microaneurysms 2 (13.3) 

One man, who underwent enucleation the eight enucleated eyes showed Optic neuropathy 3 (20.0) 
for an unresponsive large tumor (1024 decreased visual acuity, one showed Cataract 6 (40.0) 
mm’), died of metastasis 33 months increased acuity, and one was Glaucoma 2 (13.3) 
Overall % complication 13 (86.6) 


after beginning treatment. Four 
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patients died of causes unrelated to 
choroidal melanoma, with no clinical 
or laboratory evidence of metastatic 
disease. 


unchanged before enucleation.) 





Table 2.—Complications With — 
Radon Irradiation in 15 Patients 
Retaining Their Eyes _ 


Complication No. (%) 
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Fig 1.—Clinical appearance of melanoma measuring 7 mm in diameter 


before treatment (Sept 16, 1979). 





Fig 3.—Same eye as shown in Fig 1 eight years after treatment with 
8000 rad (80 Gy) to tumor apex (July 15, 1982). Atrophy of tumor and 
overlying and adjacent pigment epithelium and choriocapillaris can be 
seen. In addition, there is marked compromise of retinal vasculature, 
capillary dropout, and perimacular telangiectasia. 


Eleven (73.3%) of 15 patients dem- 
onstrated a decrease in visual acuity 
of greater than or equal to three lines 
on Snellen's chart, whereas two 
patients (13.3% ) showed an increase, 
and one patient (6.7% ) had no change. 
The decrease in acuity was a conse- 
quence of retinal, optic nerve, lens, 
and other changes that were second- 
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Fig 2.— Clinical appearance of posterior pole showing normal retinal 


vasculature before radiation therapy (Sept 16, 1974). 


ary to irradiation. The most marked 
decreases in vision were noted in 
those patients with tumors located 
closer to the macula. In eyes with 
more peripherally located tumors, the 
macula received less irradiation, 
developed fewer complications, and 
subsequently experienced less de- 
crease in vision. 
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Fig 4.—Fluorescein angiogram showing venous phase after radiation 
treatment demonstrating extensive obliteration of retinal arterioles and 
venules. Widespread capillary dropout and telangiectasias in perimacu- 
lar region can be seen. In area of tumor, there is destructicn of pigment 
epithelium and choriocapillaris. Persisting choroidal vasculature is 
markedly attenuated. 


Irradiation-Induced Retinopathy and 
Other Complications 


Twelve (80.0% ) of the 15 successful- 
ly treated patients developed substan- 
tial vascular compromise secondary to 
irradiation (Table 2). The average 
onset of these changes was 52 months, 
with a range of 11 to 82 months. 

The retinopathy was most often 
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manifest by the presence of hard exu- 
dates (53.3%), intraretinal (58.1%) 
and vitreous (26.6%) hemorrhages, 
telangiectasia (33.2%), arteriolar at- 
tenuation (33.3% ), aeovascularization 
(20.0% }, cotton-wcol spots (20.0%), 
vascular sheathing (13.3%), and 
microaneurysms (13.3%) (Figs 1 
through 4). Optic neuropathy was 
seen in three patients (20.0%) with 
more posteriorly loeated tumors. Irra- 
diation-induced cataract was seen in 
six patients (40.0%), and secondary 
glaucoma was noved in two cases 
(13.3% ). 


COMMENT 


The eontroversy concerning the 
efficacy of enucleation as the stan- 
dard in management of choroidal mel- 
anoma’ has precipitated the quest for 
alternative forms of conservative 
treatment. Included among these 
therapeutic modaliies has been the 
use of radiation therapy. Sources of 
radiation investiga ed in ophthalmol- 
ogy have included cobalt 60, iodine 
125, radon, ruthenium 106, and exter- 
nal particle-beam sources. Regardless 
of the source used, certain considera- 
tions are of primary importance. 
Obviously, these methods should 
maintain or increase survival rates 
compared with patients receiving enu- 
eleation. Ideally, they should cause 
destruction of the tumor mass, main- 
tain or improve vion, and produce a 
minimum of compications. Realisti- 
cally, this has not been entirely possi- 
ble. However, considering the alterna- 
tive, which is enucleation, some 
degree of complication and visual 
compromise must be considered 
acceptable. Unfortunately, such com- 
parisons as menticned above should 
only be founded or the basis of ran- 
domized, prospective clinical trials, 
which at present a»e unavailable. 

It is of interest that results in some 
series using cobalt 50,?? iodine 125,'^" 
and heavy particle-beam sources" 
related treatment success with the 
observation of tumor regression. In 
our study, for the sake of consistency, 
we alse defined success as presenta- 
tion of a relatively flat, pigmented 
scar. However, although regression 
appears to be a good sign, it obviously 
does not prove the tumor is eradi- 
cated. Tumor regression is based on 
clinical findings, and the determina- 
tion of tumor cel viability is not 
possible. As Cruess at al'* suggested in 
their follow-up of 190 patients treated 
with cobalt 60, the rate and extent of 
tumor regression appear to be poor 
indicators of prognesis. In their study 
they showed no appreciable difference 
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in posttreatment tumor thiekness in 
the eyes of survivors vs those dying of 
metastatic disease. In our series, 15 
patients (65.2%) had what appeared 
to be total tumor shrinkage. In the 
eight patients (34.8% ) in whom treat- 
ment was unsuccessful, enucleation 
was performed. Histological findings 
in these eyes, discussed in a prior 
study, indicated that even though 
there was some regression in the size 
of the tumor, viable-appearing cells 
were present. 

In reviewing the 23 cases in our 
series, it should be pointed out that 
several tumors were rather small, a 
few (in patients 4, 7, 16, 19, and 22) 
with basal dimensions less than 
10 X 2mm. These smaller lesions were 
diagnosed and treated as melanomas 
without the benefit of histological evi- 
dence. Retrospectively, one must con- 
sider the possibility that these lesions 
were actually nevi and not melano- 
mas. Had this been the ease, our 
tumor-related death rate at eight 
years would rise from 13% to 16.7%. 

Our preliminary results appeared 
somewhat promising, with tumor 
regression and increased vision in 
some cases. Longer follow-up, how- 
ever, illustrated that many changes 
secondary to irradiation do not mani- 
fest themselves until much later. Over 
86% of our patients who were success- 
fully treated developed irradiation- 
induced retinopathy, optic neuropa- 
thy, or irradiation-induced cataract 
with an average onset of 32 months. 
These changes were documented by 
ophthalmoscopic examination and 
fluorescein angiography. Consequent- 
ly, nearly 74% realized a decrease in 
visual acuity due to an irradiation- 
induced vascular compromise. Mean 
onset of visual loss in our study was 
4.5 years. These results are similar to 
those findings of Lommatzsch.'”'* He 
initially reported a complication rate 
of 26% at 48 months’ follow-up, and 
later, at 65 months’ follow-up, a com- 
plication rate of 52%. However, due to 
the small size of tumors treated in his 
series, no real comparisons can be 
made. Packer et al" reported a 34% 
complication rate with a mean follow- 
up of 38 months in patients treated 
with iodine 125. This modality does 
seem to show promise, with a lower 
complication rate in relatively larger 
tumors. Gragoudas et al'^ reported on 
treatment with proton-beam irradia- 
tion. However, long-term data with 
this method are still not available. It 
must be kept in mind that survival, 
not retention of vision, is of primary 
importance in conservative therapy 
for choroidal melanoma. 





As a result of our study with radon 
therapy, our attitude regarding its 
efficacy has changed since we began 
clinical trials in 1968. The high rate of 
severe complications, including subse- 
quent need for enucleation and 
decreased visual acuity, reduce the 
desirability of this method of treat- 
ment of malignant melanoma of the 
choroid. 


This study was supported im part by the Sny- 
der Fund, College of Medicine, Ohio State Uni- 
versity. 

The authors would like to acknowledge the 
invaluable contribution of the late Frank Batley, 
MD, who participated in this project from its 
inception. 


References 


1. Stallard HB: Malignant melanoma of the 
choroid treated with radioactive applicators. 
Ann R Coll Surg 1961;29:170. 

2. Newman GH, Davidorf FH, Havener WH, et 
al: Conservative management ef malignant mela- 
noma. Arch Ophthalmol 1970;83:21-26. 

3. Davidorf FH, Makley TA, Lang JR: Radio- 
therapy of malignant melanoma of the choroid. 
Ophthalmology 1976;81:849-86L 

4. Zimmerman LE, McLean IW: An evaluation 
in the management of uveal melanomas. Am J 
Ophthalmol 1979;87:741-760. 

5. Stallard HB: Radiotherapy for malignant 
melanoma of the choroid. Br J Ophthalmol 
1966;50:147-155. 

6. Shields JA, Augsburger JJ, Brady LW, et al: 
Cobalt plaque therapy of posterior uveal melano- 
mas. Ophthalmology 1982;89:1201-1207. 

7. Bedford MA, Bedotto C, MacFaul PA: Radi- 
ation retinopathy after the application of a 
cobalt plaque. Br J Ophthalmel 1970;54:505-509. 

8. MacFaul PA, Morgan G: Histopathological 
studies in malignant melanomas of the choroid 
after cobalt therapy. Br J Ophthalmol 1977; 
61:221-228. 

9. Char DH, Lonn LI, Margelis LW: Complica- 
tions of cobalt plaque therapy ‘or small choroidal 
melanomas. Am J Ophthalmoi: 1977;84:536-541. 

10. Packer S, Rotman M: Radiotherapy of cho- 
roidal melanoma with iodine-E25. Ophthalmology 
1980;87:582-590. 

11. Packer S, Rotman M, Fairchild RG, et al: 
Irradiation of choroidal melanoma with iodine- 
125 ophthalmic plaques. Arch Ophthalmol 1980; 
98:1453-1457. 

12. Packer S, Rotman M, Salanitro P: Iodine- 
125 irradiation of choroidal melanoma: Clinical 
experience. Ophthalmology 1984;91:1700-1708. 

13. Gragoudas ES, Goitein M, Verhey L, et al: 
Proton beam irradiation: An alternative to enu- 
cleation for intraocular melanomas. Ophthalmol- 
ogy 1980;87:571-581. 

14. Gragoudas ES, Seddon J, Goitein M, et al: 
Current results of proton beam irradiation of 
uveal melanomas. Ophthalmology 1985;92:284- 
291. 

15. Char DH, Crawford JB. Castro JR, et al: 
Failure of choroidal melanoma to respond to 
helium ion therapy. Arch Ophthalmol 1983; 
101:236-241. 

16. Cruess AF, Augsburger JJ, Shields JA, et 
al: Regression of posterior uveal melanomas fol- 
lowing cobalt-60 plaque radietherapy. Ophthal- 
mology 1984;91:1716-1719. 

17. Lommatzsch PK: Treatment of choroidal 
melanomas with 106Ru/106RE beta-ray applica- 
tors. Surv Ophthalmol 1974;19:88-100. 

18. Lommatzsch PK: Beta-irradiation of cho- 
roidal melanoma with 106Ru/106Rh applicators: 
16 years’ experience. Arch Ophthalmol 1983; 
101:713-717. 


Choroidal Melanoma —Dawdorf et al 355 





Leber’s Congenital Amaurosis 


Retrospective Review of 48 Cases and a 
New Fundus Finding in Two Cases 


Robert Schroeder, MD; Marilyn Baird Mets, MD; Irene Hussels Maumenee, MD 


@ Leber’s congenital amaurosis is a 
hereditary clinical disorder that may be 
associated with several different dis- 
eases. This study consists of a retrospec- 
tive review of 43 cases. Twenty of our 
patients had fundus appearances that 
resembled retinitis pigmentosa. Five had 
normal-appearing fundi. The remainder 
had other, previously reported fundus 
abnormalities, with the exception of two 
patients who demonstrated a new fundus 
finding, a nummular pigmentary pattern. 
Other associated eye anomalies included 
cataracts, keratoconus, ptosis, and stra- 
bismus. The most frequent systemic asso- 
ciations were mental retardation, cystic 
renal disease, skeletal disorders, and 
hydrocephalus. 

(Arch Ophthalmol 1987;105:356-359) 


[ber who was serving as a consul- 

tant at a school for the blind, first 
reported his observations on a form of 
congenital blindness in 1869. The 
characteristics he described included 
severely reduced vision before the age 
of 1 year, nystagmus, poor pupillary 
reaction, a tapetoretinal degenera- 
tion, and an autosomal-recessive pat- 
tern of inheritance. Eighty-five years 
later, in 1954, Franceschetti and Diet- 
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erle, added a markedly reduced or 
extinguished electroretinogram to the 
symptomatology. 

Clinically, the patients present with 
decreased vision during the first year 
of life. The ophthalmoscopic appear- 
ance is variable, ranging from normal 
to a retinitis pigmentosa-like picture 
with bone spicules, attenuation of ves- 
sels, and disc pallor. Other reported 
fundus findings include salt-and-pep- 
per changes,’ chorioretinal atrophy,‘ 
macular colobomas,** retinitis puncta- 
ta albescens,’ and disc edema.*? Thus, 
the diagnosis of Leber's congenital 
amaurosis cannot be based on the 
ophthalmoscopic appearance alone. 
Additional associated abnormalities 
include the oculodigital sign, cata- 
racts, keratoglobus, and keratoconus. 

Leber's congenital amaurosis has 
frequently been associated with many 
systemic anomalies and neurologic 
disorders. Reports of systemic find- 
ings include polycystic kidney dis- 
ease,' osteopetrosis," and skeletal 
anomalies.’ The association of neuro- 
logic abnormalities has been contro- 
versial. In one large study, performed 
in 1957 by Alstróm and Olson" at a 
Swedish school for blind but other- 
wise normal children, neuropsychiat- 
ric disorders were not found to occur 
at a higher incidence than in the 
general population. In contrast, other 
large series performed in the Nether- 
lands by Schappert-Kimmijser et al 
in 1959 and Francois’ in 1968, found an 
increased incidence of neurologic 
abnormalities. Since this time, there 
have been many reports concerning 
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the incidence of central nervous sys- 
tem abnormalities and Leber’s con- 
genital amaurosis, with little agree- 
ment among them. A recent report by 
Nickel and Hoyt" contends that 
Leber’s congenital amaurosis has no 
increased incidence of neurologic 
abnormalities. 


REPORT OF CASES 


This is a retrospective study of 43 cases 
of Leber’s congenital amaurosis seen over 
a ten-year period at the Wilmer Ophthal- 
mological Institute, Baltimore, and a 20- 
year period at the University of Chicago 
(originally by Alex Krill, MD). A complete 
ocular history was obtained from each 
patient, with special emphasis on time of 
onset, family history, systemic disorders, 
and routine eye examination. An electro- 
retinogram was obtained for all patients. 
Two patients demonstrated a previously 
unreported fundus appearance. 

Case 1.—An_ 8-month-old girl was 
referred to one of us (LH.M.) with a chief 
complaint of strabismus and nystagmus. 
Her medical history included a birth 
weight of 3.2 kg, profound sensory neural 
hearing loss, and severe developmental 
delay. The mother's pregnancy, labor, and 
delivery were normal. The family history 
showed no similar disease. The parents 
were third cousins. 

Vision was reported as "looking toward 
lights" and the patient exhibited the ocu- 
lodigital phenomenon. Pupils were respon- 
sive but sluggish. Both horizontal and ver- 
tical nystagmus were present, as was eso- 
tropia. Fundus examination disclosed well- 
defined, round to oval, flat, pigmented 
lesions in a nummular pattern throughout. 
the posterior pole and periphery (Fig 1). 
An electroretinogram was severely re- 
duced, with both scotopic and photopic b 
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Fig 1.—Temporal peripmery showing well-defined, round to oval, 


pigmented lesions. 





Table 1.—Fundus Findings Associated With 
Leber's Congenital Amaurosis in Our Patients 


Findin sS 


No. of 
Patients 





Normal 

Retinitis pigmentosa-like picture 
"Salt-anc-pepper'' retinepathy 
Chorioretinal atrophy 

Macular colobomas 

“Retinitis punctata albescens-like'' picture 
“Marbleized fundus'' pastern 

Nummular pigmentary pattern * 





Not previously reported. but present in two of our patients. 


Anomalies 
Mental retardation 
Seizures 
Hydrocephalus 


Cystic renal disease 
Decreased hearing 
Osteopetrosis 
Cleft soft-palate and heart murmur 
Skeletal disorders 
(bilateral coxa valga eeformity; 
conger'tal hip dysplasia and small mandible) 


waves having amplitudes of 10 to 20 uV. 
Results of subsequent eye examinations 
were unchanged. The patient also under- 
went extensive metabc ic and neurologic 
workups. Findings included rocker-bottom 
feet, lax joints, hyperextensive knees, and 
generalized. decreased rsuscle tone. A met- 
abolic workup disclosed no protein or glu- 
cose in the urine. Ammo acid screening 
disclosed increased lysine, ornithine, histi- 
dine, and glutamine levels in the urine. 
Results of mucopolysaecharide screening 
were negative. The camplete blood cell 
count, sedimentation rate, and results of 
chemistry screening were all normal, 
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No. of 
Patients 











except for a creatine kinase level of 925 
U/L. The syphilis screening battery as well 
as toxoplasmosis level tests were negative. 
Immunoglobin levels were normal, except 
for a slightly elevated IgM level. Psycho- 
metric examinations at the age of 3 years 9 
months, which were performed at the 
Kennedy Institute, Baltimore, confirmed 
severe mental retardation (mental age of 6 
months). A computed tomographic scan 
showed enlarged ventricles and an electro- 
encephalogram was within normal limits. 
This patient was followed up until the age 
of 6 years. 

Case 2.— This patient was initially seen 









ES 
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Fig 2. —Fundus photograph of periphery showing well-defined, round to 
oval, pigmented lesions. 


at the age of 4!^ years at another institu- 
tion. The chief complaint was that he 
"bumped into objects" when he started to 
walk at 1 year of age. He was also noted to 
have pendular nystagmus. His medical his- 
tory was normal; however, the family his- 
tory disclosed an older sister who was 
identically affected and a normal younger 
brother. 

The patient was first seen at Wilmer 
Clinic (by I.H.M.) at the age of 20 years, 
with visual acuity of 6/200 in OD and 5/100 
OS. There was marked horizontal nystag- 
mus with sluggishly reactive pupils. 
Results of a slit-lamp examination were 
unremarkable. A fundus examination dis- 
closed mild constriction of the retinal ves- 
sels and pigmented, nummular lesions of 
varying sizes throughout the posterior pole 
and periphery (Fig 2). 

A Tubingen visual field examination 
with a 1.7? white target showed constric- 
tion to the central 5?, with one peripheral 
island bilaterally. Dark adaptation was 
markedly deficient and the electroretino- 
gram was extinguished. 

A follow-up examination at the age of 25 
years demonstrated the development of 
bilateral keratoconus (and markedly 
decreased visual acuity to approximately 
1/60 OD and 1/100 OS). 


RESULTS 


This is a retrospective review of 43 
cases (including cases 1 and 2). There 
were 27 male and 16 female patients. 
All patients presented with poor 
vision since birth or before 6 months 
of age. Visual acuity in our patients 
ranged from 20/200 to light percep- 
tion, with the majority of patients 
having less than 20/400 visual acuity. 
Other presenting symptoms included 
pendular nystagmus in 84% (36/43) of 
patients and poorly reactive pupils in 
74% (29/43) of patients. The oculodi- 
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gital sign was seen in nine patients 
and photophobia was found in three 
patients. 

An electroretinogram was obtained 
in all cases and was found to be extin- 
guished in all patients, with the 
exception of six patients in whom it 
was markedly reduced. The refractive 
error (25 cases recorded) ranged from 
—5.50 to +15.00 diopters, with the 
majority (76%) of patients being 
hyperopic. Twelve patients presented 
with strabismus: nine had esotropia 
and three had exotropia. Cataracts 
were found in five patients, keratoco- 
nus in three, ptosis in one, and stra- 
bismus in 12. 

The funduscopic appearance was 
variable, although the majority of our 
patients had a retinitis pigmentosa- 
like picture. Five patients were con- 
sidered to have normal fundi and the 
other fundus findings are summarized 
in Table 1. All of the fundus findings 
in our patients have been previously 
reported, with the exception of the 
nummular pigmentary pattern. 

The systemic anomalies found in 
our patients are summarized in Table 
2. Ten of our patients had an associ- 
ated mental retardation (Table 3). The 
patients from the Wilmer Institute 
were all examined at the Kennedy 
Institute; assessment included a full 
examination by a pediatric neurolo- 
gist and a neurodevelopmental evalu- 
ation by a clinical psychologist and/or 
psychiatrist. The developmental eval- 
uation included assessment of cogni- 
tive, language (both receptive and 
expressive), auditory, visual, and both 
fine and gross motor skills. Each child 
was given a comparative functional 
level test, and, when the patient 
became old enough, formal psycho- 
metric testing was performed. Each 
staff member was familiar with the 
assessment of visually handicapped 
children. The patients from the Uni- 
versity of Chicago underwent full neu- 
rologic workups by the neurology 
department at that institution, in- 
cluding psychometric evaluation. In 
all cases, the retardation was consid- 
ered to be more extensive than a delay 
in development secondary to visual 
loss. 


COMMENT 


Leber’s congenital amaurosis is not 
one single disease state but a constel- 
lation of eye findings that are associ- 
ated with several diseases. Because of 
the varied presenting signs and dif- 
ferent fundus appearances, the elec- 
troretinogram is crucial in making 
the correct diagnosis. The differential 
diagnosis of congenital decreased 








Cognitive skills 
5/4 y 7 mo 
6/3 y 9 mo 


7/18 mo 


8/4 y 10 mo Bayley Scale 


Table 3. — Mental Retardation Assessment 


MM — —————————————————————————————— 


Patient 
No./Age Function * 
1/4'5 y Expressive language 
Receptive language 
2/23 mo Expressive language 
Receptive language 
3/3% mo All functions 
4/3 y 5 mo Expressive language 


Receptive language 


Sat at 8 mo; walked at 4 y 


Sat at 9 mo; crawled at 3 y; 
mental age, 6 mo 


No response to verbal stimuli; 
responds to pain 


Expressive language 
Receptive language 


9/4 y 6 mo Profound mental retardation ud 
10/3 y 2 mo IQ estimate: 35 T 





Functional Level 






Age 






8 mo 






12 mo 
12-15 mo 


Higher than expressive, 
not at age 






«1 mo 
4-5 mo 
9 mo 
2-3 mo 










22.4 mo 
30.0 mo 
28.2 mo 








* Normal ages: sitting, 7 to 8 mo; crawling, 10 mo; and walking, 15 mo. 


vision of retinal origin includes 
Leber's congenital amaurosis, achro- 
matopsia, albinism, aniridia, congeni- 
tal stationary night blindness, macu- 
lar coloboma, and chorioretinitis sec- 
ondary to infection. Only Leber’s 
congenital amaurosis shows an extin- 
guished photopic and scotopic electro- 
retinographic response. 

Once the diagnosis of Leber’s con- 
genital amaurosis is made, it is clear 
that other systemic findings must be 
looked for (Table 2). Ten of our 
patients had mental retardation (Ta- 
ble 3), one had seizures, and two had 
hydrocephalus. At least in our patient 
population, there was a notable asso- 
ciation with mental retardation. How- 
ever, it should be noted that the Ken- 
nedy Institute for the Mentally 
Retarded referred a number of 
patients to one of us (I.H.M.), and case 
ascertainment may therefore be 
biased. Three of our patients had cys- 
tic renal disease. One of these proba- 
bly represents Senior’s syndrome'*® 
(familial nephronophthisis and tape- 
toretinal degeneration). A variant of 
Seniors syndrome, the  Saldino- 
Mainzer syndrome (Senior's syn- 
drome plus cone-shaped epiphyses of 
the hands)"^* has recently been 
reported as part of the differential 
diagnosis of Leber's congenital amau- 
rosis. One of our patients demon- 
strated severe mental retardation and 
hearing loss, an association that has 
previously been described.” One of our 
patients had osteopetrosis. This asso- 
ciation has been previously de- 
scribed,” although the ocular findings 
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Table 4.—Syndromes Having 
Ocular Findings Similar to Those of 
Leber's Congenital Amaurosis 


Senior's syndrome 


Saldino-Mainzer syndrome 

Osteopetrosis 

Bassen-Kornzweig syndrome 
(abetalipoproteinemia) 

Infantile phytanic acid storage disease 

Infantile Batten's disease (ceroid 
lipofuscinosis) 





were described as retinal atrophy. 
One patient had a cleft palate and 
heart murmur. Two patients had skel- 
etal disorders, one with bilateral coxa 
valga deformity, and another patient 
had congenital hip dysplasia, a small 
mandible, and a high-arched palate. 
An additional reported association 
with Leber's congenital amaurosis is 
saccade palsy,” although it was not 
seen in our series. 

Three diseases that were not found 
in our patients but that can be mis- 
taken for Leber's congenital amauro- 
sis are abetalipoproteinemia,? infan- 
tile phytanic acid storage disease,” 
and infantile ceroid lipofuscinosis.” 
These are potentially treatable meta- 
bolic disorders that should be ruled 
out in all patients with Leber’s con- 
genital amaurosis. Table 4 highlights 
syndromes whose ocular symptoms 
are similar to those found in Leber’s 
congenital amaurosis. 

The fundus findings can be quite 
varied. Only five of our patients pre- 
sented a normal fundus picture. One 
patient exhibited the "marbleized 
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fundus pattern."?** A study by Mizu- 
no et al” disclosee via electron 
microscopy that these white lesions 
are subretinal deposits consisting of 
underdeveloped and degenerating ele- 
ments from both the outer retinal 
layers and retinal pment epitheli- 
um. They pestulated tnat Leber’s con- 
genital amaurosis is cue to failure in 
prenatal developmen? of the neuro- 
sensory retina, and that postnatally 
these undeveloped structures degen- 
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trophic and secondary degenerative 
stages. 

A previously unreported funduscop- 
ic finding seen in two of our patients 
is the nummular pigmentary pattern 
(Figs 1 and 2). In case 1 the patient 
was severely mentally retarded and in 
case 2 the patient was normal devel- 
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Congenital Stationary Night Blindness 


Presenting as Leber’s Congenital Amaurosis 


Richard G. Weleber, MD, Andrea Cibis Tongue, MD 


e Two siblings with autosomal-reces- 
sive congenital stationary night blindness 
were clinically blind in infancy. Both had 
markedly abnormal electroretinograms 
that, in the first child, led consultants at 
two university centers to make the diag- 
nosis of Leber's congenital amaurosis. 
The patients had intermittent nystagmus 
and esotropia, but good photopic vision 
developed eventually. Scotopic vision 
was clearly defective in each child. 
Refractive error in both patients was 
close to emetropic in early infancy but 
became myopic by 1 year of age. Congen- 
ital stationary night blindness must be 
considered in the differential diagnosis of 
the blind infant. 

(Arch Ophthalmol 1987;105:360-365) 


he differential diagnosis of visually 

impaired infants without an evi- 
dent ocular or cerebral pathologic dis- 
order includes delayed visual matura- 
tion, cerebral blindness, achromatop- 
sia, and the heterogeneous group of 
disorders known as Leber's congenital 
amaurosis.'? Herein, we describe two 
siblings with autosomal-recessive 
congenital stationary night blindness. 
Both children appeared clinically to 
be blind during early infancy and both 
had markedly diminished photopic 
and scotopic  electroretinograms 
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(ERGs). These findings in the older 
sibling led ophthalmologists at two 
different university centers to make 
the erroneous diagnosis of Leber’s 
congenital amaurosis. 


PATIENTS AND METHODS 


Electroretinograms obtained at Oregon 
Health Sciences University (OHSU), Port- 
land, were recorded using a computer- 
assisted ganzfeld technique designed to 
separate cone- and rod-mediated activity.* 
Chloral hydrate sedation (100 mg/kg) was 
used for the infants‘; older children were 
tested without sedation. The pupils were 
dilated with 1% cyclopentolate hydrochlo- 
ride and 2.5% phenylephrine hydrochlo- 
ride. The ERGs were recorded simulta- 
neously from both eyes using Lawwill- 
modified Burian-Allen bipolar contact lens 
electrodes and differential amplification 
with a frequeney bandpass of 0.1 to 1000 
Hz. Dark adaptation was 45 minutes long. 
Scotopically balanced red (A > 600 nm) and 
blue (A < 470 nm) light stimuli were used 
to separate dark-adapted rod- and cone- 
mediated responses. White light stimuli of 
graded intensity were presented over 
approximately a 4-log unit range. Photopic 
responses were elicited after adaptation to 
a 20 foot-lambert ganzfeld background 
light for ten minutes. For analysis, 
responses from each eye were measured 
separately. Because there was no signifi- 
cant difference between the two eyes, for 
graphic purposes results from the two eyes 
were averaged. 


REPORT OF CASES 


Cast 1.— This male infant was born Aug 
12, 1981. No fixation or following were 
evident for light, faces, or objects at 4 
months of age. The child did have excellent 
localization of sounds and appeared to 
constantly “look” around the room. Inter- 
mittent vertical nystagmus was present. 
There were poor pupillary responses and 
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the fundus had dusky, fine granular pig- 
mentation of the posterior pole in both 
eyes. Several observers independently 
noted "attenuation of the arterioles." 
Cycloplegic refraction was +1.00 sphere 
OD and +1.00 + 1.00 axis 90° OS. Results 
of a physical examination were normal. 
There was no consanguinity or family his- 
tory of similarly affected individuals. Al- 
though delayed visual maturation was con- 
sidered in the differential diagnosis, an 
ERG was obtained at OHSU when the pa- 
tient was 4 months old. This study showed 
markedly abnormal scotopic and photopic 
responses (Figs 1 and 2). A conjunctival 
biopsy specimen, obtained to rule out Bat- 
ten’s disease, and serum phytanic acid 
levels were normal. A diagnosis of probable 
Leber’s congenital amaurosis was made. 

Both parents read extensively about 
Leber’s congenital amaurosis and were 
understandably distraught with this diag- 
nosis. When the child was 7 months old 
they sought a second opinion at another 
university center, where a preferential- 
looking test, neurologic consultation, and 
clinical examinations were performed. A 
computed tomography brain scan was nor- 
mal. A second ERG performed with the 
patient under halothane general anesthe- 
sia was reported to be profoundly abnor- 
mal, with no rod response and a profoundly 
subnormal residual cone response. Both 
parents had normal ganzfeld ERGs. The 
preferential-looking test disclosed a possi- 
ble acuity of 20/100. The diagnosis of 
Leber's congenital amaurosis was consid- 
ered confirmed because of the profoundly 
abnormal ERG. 

Subsequently, the child was examined 
again at 8 months of age, at which time he 
had good fixation and following of objects 
with the left eye only. Intermittent vertical 
bursts of nystagmus were still present. No 
clinieal change was noted at 11 months of 
age, but cycloplegic retinoscopy demon- 
strated a refractive error of —3.50 + 0.75 
axis 180? OU. Because of lingering concern 
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Fig 1.—Ganzfeld electroretinograms (ERGs) for patients 1 and 2 compared with infant with Leber's congenital amaurosis 
and norme adult ERG. (Infant ERGs were recorded under chloral hydrate sedation.) Stimulus spikes for 30-Hz flicker, 
photopic, and scotopic responses have been set at 75, 75, and 100 uV for all four ERGs to serve as vertical calibration 
scale. Dimmer scotopic white light intensities (—3.68 to —2.33 log foot-lambert-seconds) and blue light stimuli elicit 
rod-mediated responses. Patients made no detectable rod-mediated ERG responses. Red stimuli elicit responses with 
early, dark-adapted, cone-mediated components and, later, dark-adapted rod-mediated responses. Cone responses 
were subnermal. Small residual cone b waves for all three patients demonstrated significant prolongation of implicit time 
(arrows) fer 30-Hz flicker and single flash. Note relatively preserved a waves for patients 1 and 2 despite overall 


similarities-of all three patients. 


with regard to the correctness of the diag- 
nosis, a third ERG was performed at 
OHSU when the patient was 12 months of 
age. This study showee profoundly subnor- 
mal, dark-adapted roë- and cone-corneal- 
positive peak responses with absent early 
oseillatory potentials of the light-adapted 
cone responses (Figs 1 and 2). The dark- 
adapted ERG to maximal white light stim- 
ulus diselosed a muck larger a wave (the 
ERG wave that most reflects photorecep- 
tor aetwity) compared with the b wave 
(response of middle and inner retinal neu- 
rons as reflected by Miller cells), a finding 
commonly referred to in the electrophysio- 
logic literature as a negative ERG wave- 
form. These findings were most consistent 
with congenital stationary night blindness 
and not Leber’s congenital amaurosis. 
The patient’s visua function continued 
te improve, but the parents noted a defi- 
nite decrease in visionzat dusk and at night. 


Arch Ophthalmol— Vo: 105, March 1987 


DE. E fy UAI 282542. .. 


The pupils constricted clinically with dimi- 
nution of light (paradoxical pupillary 
response). A variable left esotropia of up to 
20 diopters was first seen when the patient 
was 1⁄2 years old. Part-time patching of 
the right eye was instituted. A fourth ERG 
obtained at 2 years of age at OHSU showed 
essentially no significant change from the 
study at 1 year of age. At 3% years of age, 
the patient had a partial-complex seizure; 
electroencephalography demonstrated a 
right-central sharp wave focus. He 
was treated with mephobarbital, and no 
further seizures have occurred as of this 
writing. A magnetic resonance brain scan 
was normal. At the age of 4.3 years 
binocular visual acuity with Snellen letters 


was 20/50— at distance and 20/40 near. 


Monocular acuities were 20/100—1 OD and 
20/100 OS, but occlusional nystagmus 
was present. Cycloplegic refraction was 
—3.50 + 1.25 axis 180° OU. Results of a 


fundus examination were normal. At the 
age of 4.8 years the patient’s gross motor 
coordination and development were de- 
layed one year, although continual 
improvement was occurring at this writ- 
ing. Cognitive and language function were 
normal. 

The parents postponed having another 
child until they were convinced that the 
patient indeed had congenital stationary 
night blindness with fairly good visual 
prognosis and not Leber’s congenital 
amaurosis. They were aware that station- 
ary congenital night blindness could be 
inherited as an autosomal-recessive, auto- 
somal-dominant, or X-linked disorder. 

Case 2.— The female sib ing of patient 1 
was born on Sept 21, 1984. The family 
recognized symptoms of absent visual 
responses during the first few weeks of 
life. Examination of the child at 1% 
months disclosed no fixation or following 
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Fig 2.— Ganzfeld electroretinograms (ERGs) recorded with patient under chloral hydrate sedation for patient 1 compared 
with unsedated ERGs for boy with X-linked congenital stationary night blindness (CSNB) and girl with presumed 
autosomal-recessive CSNB. Recording conditions were same as in Fig 1. Each ERG was maximally scaled vertically to 
illustrate various waveforms. To serve as calibration scale for amplitudes, stimulus spikes for 30-Hz flicker, photopic, and 
scotopic tracings were set at 25, 50, and 50 uV for patient 1; 50, 50 and 75 „V for X-linked CSNB; and 75, 75, and 100 
uV for autosomal-recessive CSNB. Note increase in amplitude for scotopic and photopic a waves and decrease in implicit 
times for photopic cone b wave at 1 year compared with 4 months. 


of light, faces, or any objects. Responses to 
sound were excellent. Results of a fundus 
examination were normal. The ERG at 2 
months of age showed markedly subnor- 
mal cone-mediated and absent rod-medi- 
ated ERG responses that were very similar 
to the ERG of patient 1 at 4 months of age 
(Fig 1). 

At 4 months of age patient 2 had an 
intermittent, large-angle left-sided esotro- 
pia and fixed on and followed brightly 
colored toys. The cycloplegic refraction 
was +1.00 sphere OD and —0.50 axis 180° 
OS. Temporal crescents of the optic nerve 
were present in both eyes. Part-time 
patching was instituted. 

At the age of 7 months the patient had 
good fixation and following on faces or toys 
in room illumination, with no fixation or 
following in dim illumination. Paradoxical 
pupillary responses were also present. An 
intermittent, fine horizontal nystagmus 


was noted on examination two months 
later. By 11 months of age the patient had 
lost her large-angle esotropia and showed 
only a small-angle alternating esotropia. 
Patching was discontinued at this point. 
At the age of 1 year 2 months, cycloplegic 
refraction was —5.25 + 1.50 axis 180° OD 
and —4.50 + 0.25 axis 180° OS. Eyeglasses 
were prescribed and the eyes remained 
straight. Development was normal in all 
ways. The patient's excellent visual func- 
tion in photopic conditions, her ERG 
responses, and a clinical course similar to 
her brother's left no doubt about the cor- 
rect diagnosis. 


COMMENT 


We believe that the two patients we 
have described have congenital sta- 
tionary night blindness, presumably 
of autosomal-recessive inheritance. 
Previous authors? have suggested 
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that congenital stationary night 
blindness may enter into the differen- 
tial diagnosis of Leber's congenital 
amaurosis. Our patients have demon- 
strated that vision during infancy can 
be initially profoundly subnormal or 
even clinically absent in congenital 
stationary night blindness. These 
infants acted as if they were blind. 
Vision in photopic conditions gradual- 
ly improved. Patient 1 took seven to 
eight months before he demonstrated 
definite fixational visual responses 
clinieally. Fixational visual responses 
could be elicited in patient 2 at 4 
months of age. Both patients func- 
tioned very well in photopic condi- 
tions and appeared to be visually 
impaired only in scotopic conditions. 
Paradoxical pupillary responses, a 
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characteristic finding in congenital 
stationary night blindness,’ were 
noted in both chilcren but unfortu- 
nately were not looked for at the time 
the children acted as if they were 
profoundly blind. Whether paradoxi- 
eal pupillary responses were present 
at that stage was not determined. 
Initial cycloplegic refractions showed 
mild hyperopic refractive errors in 
both children. By 1 year of age, both 
children had become myopic, a clinical 
characteristic of autosomal-recessive 
congenital stationary night blind- 
ness." Both patients also demon- 
strated a transient intermittent eso- 
tropia, which in patient 1 was never 
greater than 20 D. Patient 2 had a 
deviatien that at times was up to 50 or 
60 D. Both children had fixation pref- 
erence of one eye. Although vision 
appeared first in patient l's left eye, 
he eventually devesoped a left-sided 
esotropia and better vision in the 
right eve, requiring amblyopia treat- 
ment. Intermittent, fine rapid nystag- 
mus was also noted at different times 
in both patients. Ir patient 1 it was 
vertical, and in patient 2 it was hori- 
zontal. Although horizontal nystag- 
mus has not been observed in patient 
1 under binocular circumstances, at 
this writing he demonstrated latent 
nystagmus with a decrease in acuity 
when tested monocularly. 

Electrophysiologic testing is indi- 
cated in visually impaired infants and 
children who have zpparently normal 
results of an ocular examination and 
who appear to be otherwise alert. 
Obviously, other disorders, such as 
total cataracts, optic nerve hypopla- 
sia, congenital optic atrophy, severe 
microphthalmos, and coloboma, can 
cause blindness in nfancy. However, 
these disorders are detectable on clin- 
ical examination. Children with visual 
maturational delay and children with 
cortiea! blindness have been reported 
to have normal ERGs for their age.'? 
Infants with impaired motor re- 
sponses may also appear to be blind, 
since they are unable to follow an 
object er make an appropriate face or 
head turn Abnormalities of the 
motor system therefore need to be 
considered. Infants and small chil- 
dren with marked global delay and 
neurologic impairment may also not 
show visual attentiveness, but usually 
an experienced observer can diagnose 
the generalized developmental delay 
these children demonstrate. The 
visual inattentiveness in such infants 
with global brain damage is not out of 
proportion to responses to other sen- 
sory stimulation, such as touch or 
sound, however. 
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Amaurosis congenita was first 
described as a clinical entity by Leber 
in 1869.6 More recently, investigators 
have stressed that the diagnosis of 
Leber’s congenital amaurosis should 
be based on an absent or markedly 
diminished ERG.'""? Both the pho- 
topic and scotopic portions of the ERG 
are unrecordable or profoundly sub- 
normal. Leber’s congenital amaurosis 
is not a single genetic disorder, but a 
phenotype that can be produced by 
any of several genotypes. Early diag- 
nosis of Leber’s congenital amaurosis 
is important because of its poor visual 
prognosis, genetic implications, and 
reported associated abnormalities, 
such as mental retardation,'*” sei- 
zures,'**°? and deafness."^ Other 
abnormalities that have been re- 
ported in patients with this condition 
are hypoplasia of cerebellar ver- 
mis,?’?> renal dysplasia,^? keratoco- 
nus, ^152225.30 cataracts," deaf-mu- 
tism,*! Joubert's syndrome (neonatal 
tachypnea, jerky eye movements with 
subsequent ataxia, mental retarda- 
tion, agenesis of cerebellar vermis, 
and malformation of the brain 
stem), and abnormal saccades.” 

Leber’s congenital amaurosis is 
usually associated with infantile 
blindness or severe visual impairment 
that does not improve significantly or 
dramatically with time. Most of these 
children are quite photophobic and 
most have nystagmus. High hyper- 
opia is common finding and may sug- 
gest a specific subtype.*” During 
infancy, the fundus is often normal, 
but mild attenuation of vessels and 
mild pigmentary changes may be 
present; more substantial pigmentary 
changes similar to retinitis pigmen- 
tosa frequently occur in late childhood 
or during adulthood.” An irregular, 
yellow tapetallike retinal sheen has 
been reported." Although atrophic- 
appearing macular lesions ean occur 
or develop with time, macular colobo- 
mas are rarely found. Whether 
these are true colobomas is uncertain. 
More likely they represent severe 
atrophy of the macular retinal pig- 
ment epithelium, full-thickness cho- 
roid, and overlying retina. The great 
majority of cases represent autoso- 
mal-recessive inheritance, although 
rare pedigrees suggesting autosomal- 
dominant inheritance have been 
reported.” 

The incidence of mental retardation 
has been reported to vary from 12% to 
37% in Leber’s congenital amauro- 
sis,” although whether it is actually 
found more frequently in any or all of 
the subtypes is unknown. The subtype 
with high hyperopia is believed not to 


be associated with neurologic abnor- 
malities or mental retardation.*** 
Infantile forms of Batten’s disease 
(ceroid neuronal lipefuscinosis)***! 
and infantile phytanic acid storage 


disease’ can present as visual 
impairment in infancy associated 
with an abnormal ERG, occasionally 
leading to the misdiagnosis of Leber’s 
congenital amaurosis. Because some 
of his patients died at a few years of 
age of progressive neurologic deterio- 
ration, Leber’s original report may 
have included cases that were actually 
infantile Batten’s disease.** Nickel and 
Hoyt?’ studied 31 patients who had a 
diagnosis of Leber’s congenital amau- 
rosis. Of these, all were educable and 
26 attended regular schools. Initial 
visual acuities were no light percep- 
tion to light perception at ages 2 
weeks to 18 months. Follow-up acuity 
was mentioned in one patient only and 
was 20/400. Cerebellar vermis hypo- 
plasia was found on computed tomog- 
raphic scans in three of the 31 
patients. Nickel and Hoyt? stated that 
mental retardation in patients with 
congenital Leber’s amaurosis may be 
secondary to the visual impairment. 
However, it is our impression, verified 
by the two patients with infantile 
blindness presented herein, that 
visual impairment alone, especially in 
the first six months of life, does not 
necessarily cause generalized develop- 
mental delay. Weinstein et al* 
believed that even structural central 
nervous system anomalies do not nec- 
essarily imply that severe intellectual 
impairment will be present. 

Although varying abnormalities in 
photopic cone function do occur,” 
most ophthalmologists think of con- 
genital stationary night blindness as 
a disorder primarily affecting scoto- 
pic vision. Congenital stationary night 
blindness is not specifically associated 
with mental retardation or deafness 
and can be inherited as an X-linked- 
recessive,?11-134549 autosomal-domi- 
nant,7*9 or  autosomal-recessive 
trait 

Strabismus, nystagmus, and un- 
equal acuities have been described in 
this condition previously. Merin et al" 
reported on 32 patients with station- 
ary congenital night blindness and 
myopia. Asymmetric visual acuities 
were present in 25 patients. Strabis- 
mus occurred in 26 patients. Ambly- 
opia may therefore be responsible for 
asymmetric acuities in many of these 
patients. Latent nystagmus may 
account for decreased visual acuities 
in some patients tested monocularly. 

Patients with congenital stationary 
night blindness have a good visual 
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prognosis, with visual acuities rang- 
ing from normal to moderately sub- 
normal. Autosomal-dominant congen- 
ital stationary night blindness is 
almost always associated with normal 
or near-normal vision. Heckenlively 
and colleagues? reported on ten 
patients with congenital stationary 
night blindness. Only one of these 
patients had an acuity of 20/200 in 
both eyes. The others had acuities 
ranging from 20/25 to 20/60 in both or 
the better eye. Krill and Martin” 
reported the visual acuities of 
patients with the different hereditary 
forms of congenital stationary night 
blindness in 1971. The only patient 
with autosomal-dominant congenital 
stationary night blindness had nor- 
mal acuity, while seven patients with 
autosomal-recessive disease had acui- 
ties of 20/20 to 20/100, and six 
patients with the X-linked form had 
acuities of 20/40 to 20/80. The refrac- 
tive error of patients with the X- 
linked form was from —6.00 to —17.00 
D. The level of impairment that these 
children ultimately demonstrate is 
vastly different than that of children 
who have Leber’s congenital amauro- 
sis. 

The ERG in congenital stationary 
night blindness has been extensively 
studied.* The characteristic negative 
ERG waveform seen in congenital sta- 
tionary night blindness was first 
described by Schubert and Born- 
schein.^ This waveform configura- 
tion, called the Schubert-Bornschein 
type, is seen with both the autosomal- 
recessive and X-linked recessive 
forms of congenital stationary night 
blindness. The autosomal-recessive 
and X-linked recessive types appear to 
show a characteristic loss of the early 
components of the oscillatory poten- 
tials, leading to a  "squared-off" 
appearance to the photopic ERG a 
wave.4^5* Subnormality of the oscil- 
latory potential wavelet index has 
been reported to be a finding in the 
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carrier state for X-linked congenital 
stationary night blindness.” Another 
ERG waveform, the Riggs“! type, does 
not show the negative ERG configura- 
tion but instead shows an absence of 
rod responses, with cone responses 
that appear to be subnormal in ampli- 
tude but otherwise relatively normal 
in configuration. This type of ERG is 
said to be characteristic of the autoso- 
mal-dominant form of congenital sta- 
tionary night  blindness.!^*' Al- 
though the ERG type appears to 
remain true to a given family, in a 
large study, Auerbach et al” were not 
able to correlate the ERG type with 
the inheritance type. 

Rhodopsin concentration and re- 
generation, as determined by retinal 
densitometry, are normal in congeni- 
tal stationary night blindness.? The 
current theory is that congenital sta- 
tionary night blindness is caused by a 
selective defect in scotopic neuro- 
transmission of the visual signal from 
the photoreceptors to the middle reti- 
nal neurons, possibly from the con- 
genital absence or deficiency of a spe- 
cific neurotransmitter required for 
scotopic, rod-mediated vision. 

Patient 1 was otherwise an 
extremely alert infant whose parents 
actually did not question visual 
impairment until he was 4 months 
old. Even at that time he was noted to 
be actively moving his head and “look- 
ing" toward areas of activity. He 
responded instantly to any noise. 
These children smiled in response to 
their mother’s voice (but not to her 
face) and to touch at the appropriate 
ages in their development. 

The purpose of this report is to 
point out that it may be difficult to 
differentiate congenital stationary 
night blindness from Leber’s congeni- 
tal amaurosis during the first four to 
six months of life on the basis of 
clinical visual responses and only a 
single ERG. Since the retinal respon- 
siveness, as measured by the ERG, 
takes six to 12 months to mature fully, 
ERG responses of infants will usually 
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be smaller and more delayed in 
implicit time compared with older 
children or adults.*'! Serial ERGs per- 
formed to determine whether electro- 
physiologic improvement is taking 
place may document an increase in 
amplitude, shortening of implicit 
times, or an increase in retinal sensi- 
tivity, all features that mitigate 
against a progressive, degenerative, 
or dystrophic process. Visual re- 
sponses may also improve dramatical- 
ly in congenital night blindness, as 
they do in delayed visual maturation, 
unlike in Leber's congenital amauro- 
sis. The differences between photopic 
and scotopic vision also become appar- 
ent. The visual prognosis for these 
children is much better than for those 
with Leber's congenital amaurosis. 

In summary, patients with congeni- 
tal stationary night blindness may 
present with infantile blindness with 
a markedly subnormal photopic as 
well as scotopic ERG. This may incor- 
rectly suggest the diagnosis of Leber's 
congenital amaurosis. Visual im- 
provement during photopic conditions 
occurs during the first year of life. 
The ERG, as noted in patient 1, also 
changes, with an increase in the cone- 
mediated responses, a shortening of 
the initially prolonged cone-mediated 
implicit times to normal or only 
slightly abnormal, and the develop- 
ment of the characteristic negative 
scotopic waveform configuration and 
the loss of early oscillatory potentials 
of the  photopic ERG.  Myopia, 
although not initially present, did 
develop by 1 year of age in both of our 
patients. Strabismus, fixation prefer- 
ence of one eye, and intermittent nys- 
tagmus, as well as latent nystagmus, 
were also noted in these two patients. 
The disorder may be inherited as 
autosomal-recessive trait, as in our 
cases, or as an autosomal-dominant or 
X-linked recessive trait. 


This study was supported in part by a grant 
from the National Retinitis Pigmentosa Founda- 
tion, Fighting Blindness, Baltimore. 
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Retinal Degeneration With Nanophthalmos, 


Cystic Macular Degeneration, and Angle Closure Glaucoma 


A New Recessive Syndrome 


Cynthia J. MacKay, MD; Mitchell S. Shek, MD; Ronald E. Carr, MD; Lawrence A. Yanuzzi, MD; Peter Gouras, MD 


@ Seven related patients had a pro- 
gressive pigmentary retinal degeneration, 
characterized by nyctalopia, visual field 
restriction, and cystic macular degenera- 
tion in younger patients and a macula of 
nonspecific atrophic appearance in older 
patients. In addition, each patient had 
high hyperopia (+9.50 to +16.00) and 
nanophthalmos (axial lengths, <20 mm), 
with diffuse choroidal thickening on ultra- 
sound. Younger patients had slitlike ante- 
rior chamber angles; older patients devel- 
oped progressive synechial angle closure 
and eventual glaucoma. Chromosomes 
were normal. On electroretinographic 
testing, younger patients had absent rod 
signals, with normal cone wave form and 
near-normal b-wave amplitudes but mark- 
edly delayed cone b-wave implicit times; 
older patients had severely diminished or 
extinguished  electroretinograms. This 
family appears to represent a newly rec- 
ognized autosomal-recessive syndrome. 

(Arch Ophthalmol 1987;105:366-37 1) 


e herein describe seven members 

of one family with a distinct reti- 
nal degeneration. Like Goldman- 
Favre syndrome,'* this syndrome is 
characterized by macular cysts and 
progressive pigmentary retinal degen- 
eration. Unlike in Goldman-Favre 
syndrome, there is no peripheral reti- 
noschisis and no vitreal degeneration. 
In addition, all family members have 
nanophthalmos (axial lengths, «20 
mm) and high hyperopia. Younger 
members have narrow drainage 
angles. Older family members have 
narrow angle glaucoma and progres- 
sive synechial angle closure. 

Three of the cases were reported 16 
years ago, at which time the exten- 
siveness of their retinoschisis and 
their vitreal involvement was overes- 
timated.* 
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METHODS 


Twelve individuals in the same family 
were examined (Fig 1). Four brothers, 
patients III-9 through III-12, were af- 
fected. One of these brothers, patient III-9, 
married his double first cousin (patient 
III-4), and three of their four children are 
also affected. 

All affected members underwent refrac- 
tion, slit-lamp examination, fundus exami- 
nation (if visible), and ultrasonography. 
Six of these seven patients were studied by 
an electroretinographic (ERG) method, 
which utilizes computer averaging com- 
bined with spectral and neutral density 
filtering; this technique, computer-as- 
sisted spectral electroretinography 
(CASE), has been described previously.* 
Gonioscopy was performed on six of the 
seven affected members. Specular micros- 
copy, chromosome analysis, fluorescein 
angiography, visual field testing, electro- 
oculography (EOG), and color vision deter- 
mination were done on selected members. 


REPORT OF CASES 


Case 1.—The 45-year-old proband, pa- 
tient III-12, is the youngest of four broth- 
ers. He has had visual field difficulties 
since the age of 12 years and has com- 
plained of progressive nyctalopia for the 
past eight years. The patient’s present best 
corrected visual acuity is 20/70 — 1 OU, 
with a refraction of +8.50 + 1.25 x 45 OD 
and +10.50+ 0.75 X 135 OS. Slit-lamp 
examination disclosed extremely shallow 
anterior chambers in both eyes. In the 
right eye, there was iridoschisis supratem- 
porally and supranasally, with iris adhe- 
sions to the peripheral corneal endotheli- 
um superiorly and early band keratopathy. 
Applanation tensions were 16 mm Hg in 
each eye in May 1983. 

Corneal diameters were 11 mm in both 
eyes. Gonioscopy revealed a narrow angle 
in the right eye, with approximately 70% 
closure by peripheral anterior synechiae. 
In the left eye, there was a grade 0 to 1 
angle, with a few low peripheral synechiae 
inferiorly and temporally. 

The ERG was extinguished by conven- 
tional single-flash methods. With comput- 
er averaging, a 3- to 5-uV light-adapted 
cone response could be detected (normal 
cone b-wave amplitude is 75 to 250 nV by 
CASE), with a b-wave implicit time of 44 
ms (normal, 22 to 30 ms) (Fig 2). Spectral 
analysis after dark adaptation revealed a 
pure cone response, with no evidence of rod 
activity (Fig 3). 

Limited fundus examination through an 
undilated pupil showed attenuated retinal 
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vessels and peripheral bone spicule-like 
pigment clumping in both eyes; the macu- 
lar area was not well visualized. (The 
pupils were not dilated to avoid provoking 
an attack of angle closure glaucoma.) 
Ultrasonography done on Nov 9, 1981 (Fig 
4), revealed the retina to be in place, with 
diffuse choroidal thickening and an axial 
length of 19.20 mm OD and 19.29 mm OS. 
Visual field testing with the III-3-e test 
object on the Goldmann perimeter showed 
that the field was narrowed to a small (10° 
to 20?) central island. There was no evi- 
dence of peripheral retinoschisis. The pro- 
band's daughter and son were found to be 
normal by examination. 

Case 2.— The 53-year-old brother of the 
proband, patient III-10, first became aware 
of visual disturbances at the age of 42 
years when looking at a white tile floor and 
seeing only a white background. At this 
time, narrow angle glaucoma and retinitis 
pigmentosa were diagnosed. At age 50 
years, extracapsular cataract extraction 
with posterior chamber lens implantation 
and superior iridectomy was performed in 
the right eye. At age 51 years, an argon 
laser peripheral iridotomy was attempted 
without success in the left eye. Later that 
year, an extracapsular cataract extraction 
with posterior chamber lens implantation 
and superior iridectomy was performed in 
the left eye. Recently, he underwent neo- 
dymium-Y AG laser posterior capsulotomy 
in the right eye. 

His present visual acuity is hand 
motions OD and counting fingers at about 
1 m OS. Slit-lamp examination showed 
narrow angles of the anterior chamber, 
intraocular lens implantation, and superi- 
or peripheral iridectomy bilaterally. Gon- 
ioscopy demonstrated almost complete 
synechial closure of all but the inferior 
angle segments of both eyes. Intraocular 
pressure was 8 mm Hg OD and 10 mm Hg 
OS. Fundus examination showed moderate 
waxy pallor of the optic nerve head, 
marked vessel attenuation, and atrophy of 
the retinal pigment epithelium (RPE), 
with bone spicule-like pigment formation 
peripherally in both eyes. The view was 
hazy due to lens remnants. There was no 
peripheral schisis by ultrasound. There 
was considerable RPE atrophy of both 
maculae. Visual field testing by confronta- 
tion showed a tiny central island of vision 
in both eyes. Corneal diameters were 12 
mm OD and 11 mm OS. 

Ultrasonography demonstrated diffuse 
choroidal thickening with axial lengths of 
18 mm. On ERG testing, there was no 
detectable electrical response in the left 
eye, despite computer averaging of 128 
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Fig 1.—Pedigree of family with retinal degeneration. Note that affected patient Ill-9 married his 
double first cousin, Ill-4, and three of their four children were affected. Square indicates male; 
circle, female; color figure, affected; slash, dead; asterisk, examined and found to be normal; 
and arrow (llI- 12), proband. 


responses. This indicates that the retinal 
responses were less than 1 uV in ampli- 
tude, our noise level for this stimulus. The 
patient's three children are normal by 
history. 

Case 3.— The oldest (55-year-old) broth- 
er of the proband, patient III-9, had "nor- 
mal” visien throughout his teens and 
attended a normal school. He wore glasses 
for hyperopia since he was 7 years of age. 
By age 20 years, he began noticing nyctalo- 
pia. At age 22 years, he suddenly noticed 
"rings around lights," and acute glaucoma 
was diagnosed. An iridectomy was per- 
formed in both eyes with an iridencleisis; 
five months later, an inferior trephine 
precedure was performed in the right eye. 
Visual acuity deteriorated rapidly. At age 
28 years, he had an unsuccessful cataract 
extraction im the left eve. 

The patient's present visual acuity is no 
light perception in either eye. Intraocular 
pressure in December 1983 was 38 mm Hg 
OD and 24 mm Hg OS. Slit-lamp examina- 
tion showed phthisical eyes with opaque 
corneas ard extremely shallow anterior 
chambers. Corneal diameters (hazy) were 
12 mm OD and 13 mm OS. Ultrasonogra- 
phy showed an inferior retinal detachment 
in the right eye, diffuse choroidal thicken- 
ing in both eyes, and axial lengths of 20 
mm. 

Computer-assisted spectral electroreti- 
nography showed no detectable electrical 
signal in either eye. 

Case 4.—Another brother, patient III-11, 
aged 51 years, has a visual acuity of 20/ 
60 — 1 OD and 20/40 — 1 OS, with a refrac- 
tion of +14.75 OD and +14.50 OS. Applana- 
tion tensions were 26 mm Hg OD and 28 
mm Hg OS. He had had a peripheral 
iridectomy in the right eye at age 45 years. 
He was receiving 0.5% timolol maleate 
(Timoptic) twice daily for the right eye. He 
complained of nyctalopia. 
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Fig 2.—Light-adapted (cone) electroretinographic patterns to ganzfeld stimuli obtained in 
presence of steady yellow adapting field (21 foot-lamberts) from normal individual (left column); 
affected 22-year-old woman; patient IV-4 (middle column); and affected 45-year-old man, patient 
Ill-12, proband (right column). Four spectral stimuli are red (629 nm, Wratten 29), yellow (588 
nm, Wratten 31), green (538 nm, Wratten 61), and blue (450 nm, Wratten 98). Sixty-four flashes 
have been averaged. Corneal positivity is upward. 


Yellow 
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Slit-lamp examination showed a very 
shallow anterior chamber in both eyes. A 
patent peripheral iridectomy was present 
in the right eye. The pupil in the left eye 
was not dilated because of concern of pro- 
voking an angle closure glaucoma attack, 





and the fundus could not be visualized in 
the right eye because the pupil did not 
dilate due to posterior synechiae. Ultra- 
sonography revealed diffuse choroidal 
thickening, with axial lengths of 18 mm. 
There was no peripheral retinoschisis. 
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Fig 3.—Dark-adapted electroretinographic responses from normal individual (left column), 
affected 22-year-old woman (middle column), and affected 45-year-old man (right column). 
Responses of normal individual have been reduced to one fifth their size. Normal responses, 
which are dominated by rods, are largest to green stimulus, with blue and yellow stimuli roughly 
equal. Affected patients have their greatest response to yellow, then green, then red, then blue, 
which is typical of pure cone response. Calibration is for middle and right columns. 


Fig 4.—Ultrasonogram of right eye of proband, Ill-2. Axial length is 19.20 mm. There is diffuse 
choroidal thickening due to high hyperopia. 





patient III-9, can remember having trouble 
with small print at age 7 years. He has had 
trouble seeing at night since age 18 years. 
However, he was "able to drive" until age 


Electroretinography was not done. His two 
daughters are normal by history. 

Case 5.— Patient IV-1, the 25-year-old 
nephew of the proband and the son of 
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19 years. In the past four years, the patient 
has noticed a great deterioration in vision, 
particularly a blurring of the central 
vision. He wore high hyperopic glasses 
(+16.00 OD and 425.50 OS) as a child but 
abandoned these when his vision became 
severely compromised. He has demon- 
strated nystagmus for the past three 
years. 

His present best corrected visual acuity 
is counting fingers in both eyes. External 
examination revealed a corneal diameter 
of 11 mm OU. There was a high-amplitude 
jerk nystagmus bilaterally. Narrow angles 
of the anterior chambers and scattered 
tiny white and pigmented cells in the 
anterior vitreous were seen in both 
eyes on slit-lamp examination. Goniosco- 
py revealed slitlike angles, without syn- 
echiae. 

After cautious dilation with 1% tropi- 
camide (Mydriacil), the fundus examina- 
tion revealed mildly crowded discs. Mild 
glial veils were present over the disces. The 
vessels were normal. Several large optical- 
ly empty cystic structures, surrounded by 
many tiny round microcysts and radial 
striae of the internal limiting membrane, 
were present in each macula. Patchy RPE 
atrophy was present in the midperiphery, 
with soft brown pigment clumps along 
the vessels. There was no peripheral 
schisis. 

The ERG was extinguished by conven- 
tional techniques. With computer averag- 
ing of 64 flashes, a 5- to 10-uV cone signal 
(about 10% of normal) with a markedly 
prolonged b-wave implicit time of 60 ms 
could be appreciated. Spectral analysis in 
the dark-adapted state revealed that this 
was a pure cone response, and the rod 
response was entirely absent. 

Ultrasonography revealed an axial 
length of 18.0 mm OD and 18.3 mm OS, 
with diffuse choroidal thickening bilater- 
ally. The visual fields were markedly 
restricted. 

Blood was obtained for chromosomal 
analysis of phytohemagglutinin-stimu- 
lated lymphocytes by Giemsa banding of 
metaphase chromosomes. The karyotype 
was XY, and the morphology and banding 
patterns were entirely normal. 

Case 6.—Patient IV-3, a 22-year-old 
niece of the proband and one of the identi- 
cal twin daughters of patient III-9, com- 
plained of night blindness as long as she 
could remember, with gradually decreas- 
ing central visual acuity since age 10 years. 
She has worn corrective lenses for high 
hyperopia since childhood. Both twins have 
dyskeratosis palmaris et plantaris, as does 
their unaffected sister. 

The patient's best corrected visual acuity 
was 20/200 OU with hard contact lenses. 
Slit-lamp examination showed narrow 
angles of the anterior chamber. Slitlike 
(grade 0-1) angles with no peripheral ante- 
rior synechiae were seen on gonioscopy in 
both eyes; the iris root was inserted anteri- 
orly. Intraocular pressure was 10 mm Hg 
OU before and 12 mm Hg OU after cau- 
tious dilation with 1% tropicamide. The 
vitreous cavity contained moderate fibrils, 
granules, and veils with fine white parti- 
cles. There was no foveal reflex. There 
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Fig 5.—Red-free photograph of right eye of 
22-year-old patient IV-3. Note clumped micro- 
cysts centrally, with faint star-shaped parafo- 
veal radiating striae. 





Fig. 6.—Fluorescein angiography of right eye 
of patient IV-3 in arterial phase (top) and at ten 
minutes (bottom). There is no zentral leakage, 
so cystoid macular edema is not causing cyst 
formation. 
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Fig 7.—Visual field testing of right eye (top) and left eye (bottom) of patient IV-3. There is 
constriction to less than 10° centrally with Il-3-e test object, and to less than 30° centrally with 
Ill-3-e test object. Exes indicate partial ring scotoma running from 20° to 30° inferiorly with V-4-e 


test object. 


were tiny drusenlike deposits in the macu- 
lar region, with several optically empty 
small cystic structures, surrounded by 
star-shaped parafoveal radiating striae. 
There was a trace of arteriolar narrowing 
(Fig 5). Peripherally, RPE atrophy, scat- 
tered bone spicule-like pigment clumps, 
and multiple tiny yellow-white drusenlike 
flecks were observed. There was some 


. coarse RPE clumping in the periphery, 


especially along the retinal vessels. 

Fluorescein angiography (Fig 6) showed 
no central leakage, indicating that the 
central cysts were not due to cystoid macu- 
lar edema. Corneal diameters were 11 
mm. 

Visual field testing (Fig 7) showed 
depression to less than 10? centrally with a 
II-3-e test object and to less than 30° 


centrally with a III-3-e test object. There 
was a mildly enlarged blind spot, with a 
partial ring scotoma between 20? and 30? 
inferiorly with the V-4-e test object. 

With CASE, the cone responses had 
slightly subnormal b-wave amplitudes of 
45 to 65 uV (normal, 75 to 250 nV), with a 
moderately delayed b-wave implicit time 
of 37 ms (normal, 22 to 30 ms). Dark- 
adapted ERG testing showed that the red 
and blue spectral responses could be made 
univariant by neutral density filtering and 
that the yellow response was almost 20% 
greater than the green. This showed that 
the rods were contributing virtually noth- 
ing to these dark-adapted signals. 

Case 7.— Patient IV-4, the identical twin 
of IV-3, also gave a history of night blind- 
ness her entire life. She has worn correc- 
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tive lenses for high hyperopia since early 
childhood. She had trouble reading the 
blackboard throughout her schooling. 

Her best corrected visual acuity was 
20/200 OU with hard contact lenses. 
Results of testing with the Ishihara plates 
and the Farnsworth Panel D-15 were nor- 
mal. External examination revealed a cor- 
neal diameter of 11 mm OU. Slit-lamp 
examination showed narrow angles of the 
anterior chamber, with fibrils, veils, and 
tiny white and pigmented cells in the ante- 
rior vitreous of both eyes. Grade 0 to 2 
angles without synechiae and an anterior 
insertion of the iris root were seen on 
gonioscopy. Intraocular pressure was 10 
mm Hg OU before dilation with 1% tropi- 
camide and 12 mm Hg OU afterward. 

Funduscopy of both eyes showed macu- 
lar microcysts with faint star-shaped sur- 
rounding striae. Peripherally, patchy RPE 
atrophy, bone spicule-like pigment clumps 
along retinal vessels, and scattered yellow 
intraretinal deposits were seen. There was 
no peripheral retinoschisis. The optic disc 
was crowded in both eyes. 

The EOG was subnormal in both eyes, 
with the light-dark ratio being 170% OD 
and 165% OS. 

Ultrasonography demonstrated axial 
lengths of 16.8 mm OD and 15.5 mm OS, 
with diffuse choroidal thickening of both 
eyes, as in other family members. The ERG 
showed cone responses of normal wave 
form and spectral characteristics but with 
subnormal b-wave amplitudes and delayed 
b-wave implicit times (Fig 2). There were 
no detectable rod responses (Fig 3). 


COMMENT 


Four brothers and three children of 
the oldest brother, who had a consan- 
guineous marriage with his double 
first cousin, suffer from a progressive 
photoreceptor degeneration. There is 
visual field restriction and nyctalopia 
at an early age. The youngest patients 
tested (twin girls, aged 22 years) 
already have absent rod signals, even 
with computer averaging, which can 
detect ERG signals as small as 1 uV; 
therefore, the degeneration affects 
the rods most severely. In time, the 
cones deteriorate, and by age 45 years 
the ERG becomes extinguished. An 
interesting ERG hallmark of the early 
stages of this disease is a near-normal 
cone b-wave amplitude, with a 
delayed b-wave implicit time, a dis- 
tinctly infrequent occurrence in most 
forms of retinitis pigmentosa. 

Mild vitreous alterations, consist- 
ing of vitreal fibrils and veils, and fine 
white cells, are also present but are 
not a prominent feature of this dis- 
ease. The peripheral retina shows soft 
brown pigment clumping and/or 
black bone spicule-like changes. 
There is no peripheral retinoschisis. 
Older patients have narrowing of the 
retinal vessels and disc pallor. 
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All seven patients have high hyper- 
opia, ranging from +9.50 to +16.00 
diopters, associated with short axial 
lengths <20 mm in all cases). Corneal 
diameters are subuormal (11 mm). 
Progressive closure of the anterior 
chamber drainage angle occurs as the 
anterior chamber rarrows with age. 
Three of the four older patients have 
had irdectomies and/or glaucoma 
surgery, and the fourth has extensive 
synechia! angle closure. 

All seven patients have nanophthal- 
mos. Nanophthalmes is an arrest in 
growth, which resu ts in a small, but 
otherwise normal, 2ye. Hypermetro- 
pia is therule, but myopia may occur.’ 
It has been recognized for many years 
that such eyes hare a tendency to 
develop angle closure glaucoma, 
because the lens is normal in size 
while the anterwr segment is 
small.*” 

Cystic macular cegeneration is a 
feature ef this disease in its early 
stages. The three ycunger patients all 
have cysts of vary ng sizes in their 
maculae, with radizl parafoveal stri- 
ae. These cysts do not leak on fluores- 
cein angiography. Only one of the four 
older patients had amacula that could 
be visualized; he has considerable 
macular RPE atropay. The visual acu- 
ity was-as good as 29/40 in some cases 
despite these macular changes but in 
other cases was as bad as counting 
fingers. 

The cystic macular degeneration 
seen im these  -elatively young 
patients, which disappears with age 
and leawes a fovea of nonspecific 
atrophic appearance, is reminiscent of 
that seen in X-linked juvenile retinos- 
chisis. However, the severe photore- 
ceptor degeneration, with a normal 
wave form and absent rods in the 
ERG and a subno-mal EOG in the 
younger patients and an extinguished 
ERG in cider patients, is not typical of 
juvenile retinoschisis, in which the 
ERG has a diminished b wave and the 
EOG is normal.'^" Although patients 
with juvenile retinoschisis are usually 
hyperopie, they do not have nanoph- 
thalmos or high hyperopia, and they 
seldom have night blindness. They 
have a variable ameunt of peripheral 
retinoschisis, vitrea] veils, and pe- 
ripheral vascular abnormalities, 
which eur patients do not. They may 
develop glaucoma, but it is due to an 
anterior insertion o the iris root and 
is not caused by ange closure. Finally, 
the syndrome described herein is 
autosomal-recessive, not X-linked in 
inheritance. 

Lewis et al" hav» described foveal 
retinoschisis in thmee sisters that is 
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quite similar to the cystic macular 
degeneration seen in our patients, but 
their three patients did not have a 
retinal degeneration, nanophthalmos, 
or high hyperopia (their refractive 
errors ranged from +0.25 to 
+0.75 + 0.75 X 90). 

The syndrome most closely resem- 
bles Goldman-Favre syndrome. Both 
have central cystic macular changes, a 
progressive pigmentary retinal degen- 
eration with an abnormal ERG and 
EOG, and night blindness. Both are 
autosomal-recessive. However, pa- 
tients with Goldman-Favre syndrome 
have peripheral retinoschisis, with an 
“optically clear” vitreous with vi- 
treoretinal bands, which our patients 
do not have. Also, high hyperopia and 
nanophthalmos with angle closure 
glaucoma are not found in Goldman- 
Favre syndrome. François et al' did 
report a case of angle closure glauco- 
ma in an 18-year-old man with Gold- 
man-Favre syndrome, but he was 
myopic (—1.00 D). François and 
DeRouck? report that the refraction 
anomaly in the cases of Goldman- 
Favre syndrome that they have seen 
never exceeds 1.5 D. 

The simultaneous occurrence of 
nanophthalmos, angle closure glauco- 
ma, and retinal degeneration is 
extremely rare, but it has been re- 
ported. Hermann," in 1958, described 
a pedigree with 13 affected members 
in four generations. The inheritance 
was autosomal-dominant. All affected 
members had myopia or high myopia 
(—0.50 to —10.00 — 2.50 X 60). There 
was no cystic macular degeneration. 
Walsh and Hoyt" state that “retinitis 
pigmentosa, microphthalmos, and 
glaucoma were present in three broth- 
ers examined by Dr William 
Buschke.” This one-sentence report, 
however, is probably describing sim- 
ple (open angle) glaucoma, since there 
is no mention of “attacks” of glauco- 
ma or of any symptoms. 

The combination of nanophthalmos, 
angle closure glaucoma, retinal degen- 
eration, and cystic macular degenera- 
tion seen in our seven patients has not 
been previously reported. However, 
Ghose and coworkers" have described 
a 56-year-old man with bilateral 
nanophthalmos, angle closure glauco- 
ma, and pigmentary retinal dystro- 
phy, which included pigment in the 
macula. No pedigree was given, so it is 
not known whether the parents were 
consanguineous. The ERG was de- 
scribed as “subnormal through undi- 
lated pupils”; whether the rods and 
cones were affected equally or rods 
were affected more than cones and 
how badly they each were affected are 


not mentioned. Although the patient 
did not have cystic macular degenera- 
tion when examined, we believe that 
this patient’s disease is probably iden- 
tical to the one we describe herein, 
since one of our older patients had 
RPE atrophy of both maculae. Our 
findings document the recessive 
nature of this disease and define the 
spectrum of expressivity. 

We believe that the combination of 
pigmentary retinopathy, cystic macu- 
lar degeneration, high hyperopia, 
nanophthalmos, and angle closure 
glaucoma represents a distinct reces- 
sively inherited syndrome. 
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Cancer-Associated Retinopathy 


Charles E. Thirkill, PhD; Alan M. Roth, MD; John L. Keltner, MD 


e Antiretina antibodies have been 
found in the serum samples of four 
patients with cancer experiencing con- 
comitant loss of vision (cancer-associ- 
ated retinopathy [CAR] syndrome). These 
immunoglobulins bound an antigen from 
normal pooled retina having a molecular 
weight of 23000 daltons, which we 
describe as the CAR antigen. No corre- 
sponding antibodies could be found in 
serum samples obtained from patients 
with cancer not experiencing vision loss, 
from patients having retinitis pigmentosa, 
or from normally sighted individuals who 
did not have cancer. The early detection 
of rising antibody titers against the CAR 
antigen could prove important in the iden- 
tification of patients likely to suffer from 
CARs. 

(Arch Ophthalmol 1987; 105:37 2-375) 


Reports of neurologic dysfunction 
accompanying different forms of 
cancer have been published from vari- 
ous sources.'* Evidence also has been 
presented for the possible occurrence 
of autoimmune reactions in such 
paraneoplastic events."^ Vision loss 
secondary to retinal degeneration 
associated with cancer has been 
examined by several different investi- 
gators." We have performed further 
research into this type of vision loss 
and describe cancer-associated reti- 
nopathy (CAR) as the “CAR syn- 
drome.” The retinal degenerations 
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experienced by patients with the CAR 
syndrome can be rapid or prolonged 
over several years." "^ 

Two theories have emerged in 
attempts to explain this phenomenon. 
The first invokes a cancer cell prod- 
uct, secreted by the host's tumor, 
which interferes with normal func- 
tions within the complex cellular net- 
work of the retina. This product has 
yet to be defined (to our knowledge) 
and may be released in small concen- 
trations but must be capable of induc- 
ing strong “hormonelike” effects 
when bound to the appropriate recep- 
tor." The second theory relates to the 
possibility of autoimmune reactions 
triggered by the host's response to 
tumor antigens that cross-react with 
specific retinal components. Several 
investigators have reported the pro- 
duction of antiretina immunoglobu- 
lins in patients with cancer!'*'*^ and 
demonstrated immune reactions by 
the serum samples of patients with 
CAR to in vitro cultivated lung cancer 
cells. 

We previously reported the case of a 
patient who had an undifferentiated 
reserve cell carcinoma of the cervix 
and vision loss that responded to ste- 
roid therapy.'* Histopathologic exami- 
nation of her retinas demonstrated 
severe photoreceptor degeneration. 
Complement fixing antibody to nor- 
mal retina was found in her serum. 
This study investigated the presence 
of antiretina antibodies in serum 
samples of patients with cancer both 
with and without the CAR syndrome 
and characterized the principal anti- 
gen involved. 


REPORT OF CASES 


Case 1.—A 61-year-old woman developed 
steroid-responsive progressive visual loss 
starting Oct 30, 1978 (Table 1). On June 1, 
1979, she was subsequently diagnosed as 
having an undifferentiated neoplasm of 
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the cervix uteri. Examination on Jan 6, 
1979, revealed visual fields with ring scoto- 
mas and an electroretinogram (ERG) that 
eventually became flat. She died June 26, 
1980. Pathologic findings in her eyes 
included loss of photoreceptors, a macular 
hole, and normal optic nerves. 

Case 2.—A 71-year-old man, diagnosed 
as having non-small-cell carcinoma of the 
lung by biopsy specimen in August 1981, 
developed progressive visual loss from 
August 1981 to March 1982 when he 
became blind. He had a history of glauco- 
ma for six years before the onset of visual 
symptoms. Neuro-ophthalmic examination 
on Jan 3, 1982, revealed count fingers 
vision in both eyes with a small island of 
vision inferiorly in both eyes. Fundus 
examination revealed attenuation of the 
arterioles, but otherwise the results of his 
retina examination were normal. His ERG 
was flat. 

Case 3.—A 64-year-old man reported 
progressive loss of vision in his left eye in 
July 1982. He described progressive dim- 
ming of vision in his left eye over a six- 
week period, with objects appearing dark 
to him, although visual acuity in that eye 
was evaluated at 20/20. His right eye had 
been essentially blind with hand motion 
vision since early childhood, thought to be 
secondary to a congenital abnormality or a 
retinal detachment. Color vision was 
absent in both eyes on the pseudoisochro- 
matic plates (American Optical Hardy- 
Rand-Rittler). Pupil examination showed 
an afferent defect (2+) in the right eye. 
Visual fields showed overall depression 
with a central defect in the left eye. Fun- 
dus examination of the right eye revealed 
marked derangement of the posterior pole 
with scars extending from the nerve head 
into the vitreous. The left eye demon- 
strated mild narrowing of blood vessels 
with a normal disc. Electroretinography 
performed in September 1982 was extin- 
guished in both eyes. The patient was 
diagnosed in February 1983 as having 
small-cell cancer of the lung. The patient’s 
vision progressed over the next several 
months to no light perception in both eyes. 
The patient died Dec 9, 1985. 

Case 4.—A 68-year-old man complained 
of vision loss. He originally had floaters 
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and flashes in his left eye in 1970 and was 
found tc have two retinal holes that were 
treated »y cryopexy. In 1982, he was suc- 
cessfully treated for a retinal detachment 
in the mght eye and, then, was found to 
have a lung mass that subsequently was 
diagnosed as small-cell carcinoma of the 


lung with metastasis to the liver. Fundus 
examination revealed bilateral optic atro- 
phy just before he died in August 1984. 


MATERIALS AND METHODS 


Serum samples were obtained from the 
four patients with CAR while visual symp- 


Table 1.— Clinical Data of the Four Patients 
With Cancer-Associated Retinopathy 


Date of Date of 


Onset of Diagnosis 
Patient / Visual Loss, of Cancer, 
Age, v/Sex Type of Cancer mo /y mo / y 
9 


1/69 /F Cervix, undifferentiated 10/78 6/7 
2/73/M Lung, non-small-cell carcinoma 8/81 8/81 


3/63/M Lung, small-cell carcinoma 7/82 2/83 
4/68/M Lung, small-cell carcinoma g ?182* 


* Information was unavailable. 


Fig 1.— Comparative absorption at 405 nm, by alkaline phosphatase enzyme-linked immunosor- 
bent assay reactions of cancer-associated retinopathy serum samples and comparison controls. 
All serum-samples were assayed at same dilution used in the Western blot technique on single 
microplate coated with 1 ug per well of saline extract of human retina. RP indicates retinitis 
pigmentosa. 
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toms were present. Patient 1 provided four 
serum samples over a four-month period 
drawn on Feb 9, Feb 16, May 19, and June 
18, 1979. Patient 2 had two samples taken 
on Dec 22, 1981, and Jan 29, 1982. Patient 3 
provided two samples drawn on March 18, 
1983, and Feb 27, 1985. A single serum 
sample from patient 4 was drawn on an 
unknown date in 1982. 

Normal pooled human serum was used 
as a negative control and serum samples 
from ten patients with cancer with no 
ocular involvement were used as compari- 
son controls. (Three patients had cervical 
tumors, four patients had uterine tumors, 
and three patients had ovarian tumors; 
this included two serum samples from two 
patients with small-cell carcinoma of the 
lung but without ocular involvement.) The 
clinical similarities that the CAR syn- 
drome shares with retinitis pigmentosa 
prompted us to include serum samples 
from 40 patients with retinitis pigmentosa 
that would also be used as comparison 
controls. All serum samples were initially 
diluted with an equal volume of phosphate- 
buffered saline-polysorbate (PBS-Tween) 
and 1 mg/mL of bovine serum albumin and 
were refrigerated overnight before being 
frozen at —20°C. This practice reduces 
nonspecific immunologic reactions encoun- 
tered when assaying human serum sam- 
ples against mammalian tissues. Assays 
were performed using the enzyme-linked 
immunosorbent assay (ELISA) and West- 
ern blot techniques. 


ELISA Technique 


The ELISA was used according to the 
method described by Voller et al." Individ- 
ual 96-well microplates were coated with 
saline extracts of ocular tissues at 10 ug of 
protein per well in a 100-4L volume and 
kept overnight at 4°C. All serum samples 
were assayed at an initial dilution of 1:40, 
then double diluted down eight-well col- 
umns to 1:5120. Separate ELISA assays 
were performed at the same dilutions used 
in the Western blot to allow for a direct 
comparison between the two methods. 
Results were expressed graphically in log 
units as the relative light absorption at 405 
nm. Comparison controls consisted of nor- 
mal pooled human serum and serum sam- 
ples from patients with cancer without 
ocular involvement and patients with reti- 
nitis pigmentosa. 


Test Antigens 


Saline extracts of the following mamma- 
lian ocular tissues were assessed for pro- 
tein content and used in the ELISA at 10 
ug per well: rat retina and lens; bovine 
retina, lens, iris, and choroid; and human 
retina, lens, iris, and choroid. 


Western Blot Analyses 


The electrophoresis principles applied 
were those described fully by Gershoni and 
Palade,'* Towbin et al," and O'Farrell.” 
Through electrophoresis we processed 50- 
uL samples of ocular tissues standardized 
to contain 1 mg/mL of protein. Patient 
antibody binding was detected through the 
application of polyvalent goat anti-human 
immunoglobulins conjugated to horserad- 
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Fig 2.— Western blot immunotransfer results 
of two cancer-associated retinopathy (CAR) 
serum samples, patients 1 (serum sample a) 
and 2 (serum sample a), binding CAR antigen 
at dilution of 1:1000. 


ish peroxidase at a dilution of 1:1000 for 
one hour at room temperature, followed by 
the application of the substrate 10mM 
3,3'-diaminobenzidine in 0.01% hydrogen 
peroxide. 

Amplification of weak immunoblot reac- 
tions was facilitated by  biotin-avidin 
enhancement using rabbit anti-goat IgG 
biotin-bound antibodies at a dilution of 
1:1000 followed with avidin-bound horse- 
radish peroxidase at 1:1000 and the enzyme 
substrate. All incubations were performed 
at room temperature for one hour. 

Guinea pig anti-S antigen serum and 
anti-S monoclonal antibodies were used to 
locate the S antigen within retina prepara- 
tions to provide an additional source for 
comparison of the relative migration char- 
acteristies of the CAR antigen. The S anti- 
gen is known to have a relative migration 
rate of 48 000 daltons when assayed under 
the conditions described herein.” 


RESULTS 
ELISA Technique 


Positive reactions were obtained 
with all four CAR serum samples in 
ELISA reactions using saline-solubi- 
lized extracts of human (Fig 1), rat, 
and bovine retina. Reactions with a 
saline extract of pooled bovine and 
human choroid were also evident with 
all four serum samples but were sig- 
nificantly weaker than those observed 
with retina extracts. Only low back- 
ground readings were produced by 
normal serum samples and those 





Table 2.—Serologic Reactions Exhibited by Serum Samples Obtained 
From Four Patients With Cancer-Associated Retinopathy * 


ELISA Log 
OD: Dilutionst 


Patient 
1 1.53 
1.62 

1.68 

1.64 





Western Blot 
Molecular 
Weight, kd 


Serum 
Dilutions 


1:1000 
1:1000 
1:1000 
1:1000 


* No serum sample was titered to its limitations. ELISA indicates enzyme-linked immunosorbent assay; kd, 


kilodaltons. 


tAssayed at the same dilutions used in the Western blot. 


obtained from other patients with 
cancer, including those with small-cell 
carcinoma of the lung, with no eye 
involvement. Serum samples from 
patients with retinitis pigmentosa 
provided varying degrees of weak 
reactivity with retina extracts, a phe- 
nomenon that has been reported by 
others.” No reactions were evident 
using lens or iris saline extracts as the 
test antigen. Little variation in 
ELISA reactions was evident in the 
two serum samples from patient 3. 
Obvious differences in the major anti- 
gen reactivity of these serum samples, 
however, were evident on analysis by 
the more qualitative procedure of 
Western immunoblotting. The first 
sample contained an antibody popula- 
tion that reacted predominantly with 
the CAR antigen. The second serum 
sample contained antibodies directed 
primarily against a 48-kilodalton (kd) 
retinal protein that could be the S 
antigen. 


Western Blot Analyses 


All four CAR serum samples bound 
an antigen with an apparent molecu- 
lar weight of approximately 23 000 
daltons (23 kd) in saline extracts of 
human, bovine, and rat retina (Fig 2). 
All serum samples from cases 1 and 2 
bound the CAR antigen at 1:1000 (Ta- 
ble 2). Serum 3a bound the CAR anti- 
gen at 1:500 and also reacted with an 
antigen having a relative migratory 
rate of approximately 48 000 daltons 
(48 kd), the zone in which the S anti- 
gen is known to be located. Serum 
sample 3b, drawn three years later 
than 3a, exhibited an apparent 
decrease in the intensity of CAR anti- 
gen binding along with a correspond- 
ing increase in binding to the 48-kd 
protein. Only 3a and 3b were reactive 
with the 48-kd protein, a reaction that 
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could represent S antigen binding, 
further evidence of antiretina autoim- 
mune reactions in this patient. Serum 
4 bound the CAR antigen in retina 
extracts at a dilution of 1:2000. None 
of the serum samples were titered to 
their limitations and well may have 
continued to react at much greater 
dilutions. 

No CAR antigen reactivity could be 
found in normal human serum or 
serum samples obtained from pa- 
tients with cancer who were not expe- 
riencing ocular involvement. Serum 
samples from the two patients with 
small-cell carcinoma who had no 
vision problems were also nonreactive 
with retinal proteins. Serum samples 
from patients with retinitis pigmen- 
tosa bound a wide variety of retinal 
proteins when assayed by the Western 
blot procedure. None, however, were 
found to bind the CAR antigen. The 
immunoblot results described herein 
have since been confirmed in an inde- 
pendent laboratory. 


COMMENT 


Visual loss as a remote effect of ' 
cancer is uncommon but represents a 
possible example of immune-mediated 
loss of sight associated with the host’s 
defense response to the tumor. Other 
authors'"'* report the possibility that 
immune reactions are associated with 
a variety of paraneoplastic phenome- 
na involving the eye and the central 
nervous System. 

In the CAR syndrome, visual symp- 
toms frequently manifest before the 
diagnosis of cancer and appear to be a 
remote effect of the cancer.^?'*!* At 
least two of our four patients experi- 
enced loss of vision before their can- 
cers were diagnosed, progressing over 
a few months to several years to com- 
plete blindness. The presence of anti- 
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retinal antibodies in their serum sam- 
ples suggests the possibility of a rela- 
tionship between the antibodies and 


vision loss. This possibility is 
strengthened by our data that indi- 
cate that, in the small population 
studied, antibodies to the CAR anti- 
gen are present only in the serum 
samples of those patients with cancer 
who were experiencing vision loss and 
not in those obtained from patients 
with cancer, free from ocular prob- 
lems, normal individuals, or patients 
with retinitis pigmentosa. In addition, 
as we previously reported in 1980 at 
the Frank Walsh Society meeting in 
Houston,^ the visual loss of the 
patient described in ease 1 was initial- 
ly responsive to steroid therapy, sug- 
gesting an autoimmune etiology. Ste- 
roid responsiveness has also been 
reported by others.” Unfortunately, 
clinical information in cases 2 and 4 
was unavailable regarding temporal 
relationship between visual loss and 
the diagnosis of cancer. 

Our inability to demonstrate simi- 
lar immunologic reactions using 
saline extracts of lens or iris indicates 
that the antigen involved in the CAR 
phenomena probably is confined to 
the retina and choroid. Since it is 
difficult to separate retinal pigment 
epithelium from choroid, however, the 
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weak reaction to choroid may be re- 
lated to retinal pigment epithelial 
contamination. The qualitative varia- 
tions observed in the two serum sam- 
ples from patient 3 that were revealed 
by the Western blot procedure were 
not apparent using the quantitative 
procedure of the ELISA in which anti- 
retina titers were essentially the same 
in the two serum samples. This form 
of antibody switch from the produc- 
tion of a relatively high titer against 
the CAR antigen to another protein 
having a molecular weight consistent 
with the S antigen could eventually 
prove of significance in the progress 
of CAR. 

Evidence of cross-reactive antigenic 
relationships between retina and 
small-cell carcinoma of the lung has 
been found by other researchers. The 
antibodies we demonstrated herein 
may have similar properties and could 
represent a class of cytotoxic immu- 
noglobulins involved in loss of vision 
through cancer-triggered antiretinal 
reactions. If cancer-induced autoim- 
mune reactions can be established as 
contributing factors to blindness, it 
would justify efforts to apply immu- 
nologic methods for early detection. 
Clinicians eventually may be able to 
predict which patients with cancer are 
likely to develop ocular problems, 
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before any clinical signs, through an 
assessment of their serum samples for 
antibodies directed against the CAR 
retinal protein(s). In at least two of 
the four cases described herein, anti- 
bodies were found before clinical 
detection of cancer. Therefore, early 
detection of antibodies to the CAR 
antigen may permit prevention or 
early treatment of the syndrome by 
specific modifications of the immune 
system. Future studies that should be 
performed in patients with CARs 
include investigations of the antigenic 
components of tumor biopsy speci- 
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Common retina-cancer antigen epi- 
topes may indicate the cause of the 
initial immune stimulation that trig- 
gers autoimmune retinopathy. 
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Vitamin C Levels in Human Tears 


Christopher A. Paterson, PhD, Melinda C. O'Rourke, MD 


e Human tears, collected using the 
Schirmer strip method, were analyzed by 
high-performance liquid chromatography 
for vitamin C (ascorbic acid). In ‘‘basal’”’ 
tears, the levels of ascorbic acid ranged 
from 3.9 to 23 mg/dL (220 to 1310 umol/ 
L); lower values correlated with higher 
tear flow rates. In reflex tears, induced by 
brief ammonia inhalation, the ascorbic 
acid level fell dramatically and appeared 
to reach a minimum level around 2 mg/dL 
(110 umol/L). Even the low level in reflex 
tears, however, was consistently higher 
than plasma levels. Ascorbic acid in tears 
has a potential anti-inflammatory role. 

(Arch Ophthalmol 1987;105:376-377) 


rbe ability of vitamin C (ascorbic 
acid) to scavenge potentially toxic- 
free oxygen radicals has led to the 
suggestion that this small molecule 
might play an important protective 
role in biologic systems; this subject 
was reviewed in 1985 by Halliwell and 
Gutteridge. The tissues of the eye 
might be subjected to unusually high 
concentrations of free radicals as a 
result of its unique exposure to light.’ 
Varma et al’ have suggested that vita- 
min C protects the lens from free 
radical oxidative damage. Studies 
from our laboratory have indicated 
that vitamin C might play an endoge- 
nous anti-inflammatory role in the 
eye.** Specifically, we have presented 
evidence to suggest that ascorbic acid 
interacts with the oxygen radicals 
and metabolites produced by infiltrat- 
ing polymorphonuclear leukocytes 
(PMNs)* and that ascorbic acid can 
modulate the metabolism of arachi- 
donic acid in the cornea. 

The corneal surface is a vulnerable 
target for free radicals, and in 1985, 
Mengher and associates? demon- 
strated the presence of PMNs in tears 
during external and_ intraocular 
inflammatory episodes in the eye. 
Thus, ascorbic acid present in tears 
might be an important protective fac- 
tor at the corneal surface. 

Although it is well known that 
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ascorbic acid is concentrated in aque- 
ous humor of many species, including 
humans, little is known of its level in 
tears. The purpose of this study was to 
determine the level of vitamin C in 
basal and reflex human tears. 


SUBJECTS AND METHODS 


Human volunteers were screened for 
contact lens wearers, diet, vitamin supple- 
ment, systemic disease, and eye disease. 
Volunteers with any potentially complicat- 
ing health status were excluded. Signed 
consent was obtained from those entering 
the study. Volunteers were of either sex 
with an age range from 23 to 56 years 
(average age, 31 years). 

After examining a number of different 
tear collection methods, we found that the 
most convenient method, in our hands, was 
the use of Schirmer strips. Approximately 
five minutes after placing one drop (50 uL) 
of topical anesthetic (proparacaine hydro- 
chloride [Ophthetic]) on the cornea of both 
eyes, preweighed Schirmer strips were 
placed in each eye. The collection time was 
recorded but in no case exceeded five 
minutes. The wetted strips from both eyes 
were placed in weighed plastic vials and 
immediately sealed and reweighed. Reflex 
tearing was induced by brief inhalation of 
30% ammonium hydroxide fumes. 

After weighing the wetted paper strips, 
0.5 mL of a 1 mg/dL solution of dithio- 
threitol was added to the vial; diothiothrei- 
tol keeps the ascorbic acid in the reduced 
form.’ A ten-minute period was allowed for 
elution of ascorbic acid from the paper, and 
then aliquots of the solution in the vial 
were subjected to high-performance liquid 
chromatography (HPLC) to quantify the 
amount of ascorbic acid present. In prelim- 
inary experiments, it was demonstrated 
that weighing the wetted paper strips gave 
an accurate determination of the volume 
collected. Furthermore, a ten-minute elu- 
tion period in dithiothreitol solution 
results in 100% recovery of ascorbic acid 
from the strips. Neither the strips nor the 
topical anesthetic contained detectable 
amounts of ascorbic acid. 

In one group of volunteers, plasma and 
ascorbate levels were measured by HPLC. 
To check the HPLC method, ascorbate 
levels in the plasma samples were also 
measured by the spectrophotometric meth- 
od of Zannoni et al’ as used previously in 
our laboratory. The two methods gave 
identical results for plasma levels of ascor- 
bic acid. 

The HPLC method employed to quantify 
the amount of ascorbic acid in tears was a 
modification of the method described by 
Rose and Nahrwold,'? and recently used by 
McGahan* to determine ascorbic acid lev- 
els in aqueous humor. The HPLC system in 
the present study consisted of a pump 
(Beckman model 110B), a manual sample 
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Fig 1.—Ascorbic acid levels in tears from 15 
subjects shown as function of tear flow rate. 


injector (model 210A), a variable wave- 
length detector (model 163), and a column 
(Beckman Ultrasil-NH,) (4.6mm X 25 em). 
The detector was set at 254 nm, and peaks 
were recorded (Kipp and Zonen model 
BD40 recorder). The mobile phase was 50% 
acetonitrile (HPLC grade) and 50% triple 
distilled water buffered with 2.5mM potas- 
sium phosphate monobasic. Using a sol- 
vent flow rate of 3 mL/min, the retention 
time for ascorbic acid was approximately 
four minutes. All ascorbic acid standards 
were prepared in 1 mg/dL of dithiothreitol 
as described by McGahan.* Calibration 
curves, plotting chromatogram peak area 
against amount of ascorbie acid injected 
onto the column, were linear. 


RESULTS 


Predictably, the volume of tears col- 
lected by the Schirmer test strip 
method was variable. As can be seen 
in Fig 1, the approximate “basal” tear 
flow rates, calculated by dividing the 
volume collected by the time of the 
collection period, varied from 0.7 to 
6.5 uL/min. The majority of values 
fall within the lower range of 0.75 to 
2.5 uL/min, however, which is consis- 
tent with nonstimulated tear flow 
rates reported by several investiga- 
tors using noninvasive fluorometric 
methods.'''* Although we were able to 
collect tears by the capillary tube 
method, the Schirmer strip technique 
met with better patiert compliance 
and proved more convenient for this 
study. Ascorbic acid levels in tears 
collected by the capillary tube method 
were precisely in the same range as 
those presented below. 

Identification of ascorbic acid in 
tears was readily accomplished since 
the chromatograph rewealed a clear 
peak with precisely the same reten- 
tion time as that found with the stan- 
dard solutions of ascorbic acid. The 
addition of pure ascorbic acid to tear 
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Fig 2.—Ascorbic acid levels in ‘‘basal’’ tears (open circles) and reflex tears (closed circles) 
collected from six subjects, A through F. Respective plasma levels of ascorbic acid (triangles) for 


each subject are also shown. 


samples did not induce an additional 
peak but increased he size of the peak 
identified as ascordic acid in tears. 
Furthermore, if the tear samples or 
standard solutions were allowed to 
age (in the absence of dithiothreitol), 
thereby permitting the ascorbic acid 
te become oxidized, the characteristic 
ascorbic acid peak on the chromato- 
gram was greatly diminished. 

Ascorbic acid lewels determined in 
basal tears are shown in Fig 1, plotted 
against the respeetive approximate 
tear flow rate. The ascorbic acid levels 
in these tears ranged from 3.9 to 23 
mz/dL (221 to 1306mmol/L). In Fig 1, 
it can be readily observed that lower 
ascorbic acid values in tears are asso- 
ciated with higher tear flow rates. 
Collection of basal tear samples from 
several volunteers on two different 
days «demonstrated consistency of 
ascorbic acid levels. 

In the second part of this study, we 
compared the ascorbic acid level in 
basal tears with that in reflex tears 
induced by brief ammonia inhalation 
in the same volun eer. The findings 
shown in Fig 2 em»hasize the fall in 
ascorbic acid level in tears with 
increased tear flow rate. It would 
appear that the ascorbic acid level 
reaches a “minimum” value of around 
2 mg/dL (110 umolL), and this level 
is consistently higher than the plasma 
level o ascorbic acd in each respec- 
tive subject. 


COMMENT 


To our knowledge, there are no oth- 
er recent reports regarding the level 
of ascorbic acid in human tears; val- 
ues given in textbeoks'** are about 
0.14 mg/dL (10 ,mol/L), but the 
seurce of such values is not given. In a 
report by Kronfeld," tear ascorbic 
acid levels of about 1.6 to 9.1 mg/dL 
(90 to 520 umol/L) are reported for a 
group of five patierts following cata- 
ract surgery. These patients, however, 
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all had filtering blebs that would per- 
mit leakage of aqueous to the ocular 
surface. 

In this preliminary study, we have 
demonstrated that the level of ascor- 
bic acid in human tears ranges from 
3.9 to 23 mg/dL (220 to 1310 umol/L), 
the higher concentrations being 
present with lesser tear flow rates. 
The reduction in ascorbic acid levels 
with increased tear flow was made 
more obvious when we compared bas- 
al and reflex tears in the same volun- 
teer. 

The tear levels of ascorbic acid 
reported herein are considerably 
higher than those in plasma (normal- 
ly about 1 to 2 mg/dL [60 to 110 
umol/L]). Even in reflex tears, 
induced by ammonia inhalation, 
where ascorbic acid levels fall to an 
apparently minimum level of 2 mg/dL 
(110 umol/L), that level is higher than 
in respective plasma samples. 

The level of ascorbic acid in basal 
tears is within the range of levels 
found in human aqueous humor. 
Ascorbic acid is actively transported 
into the aqueous humor, and it is 
tempting to predict that there might 
be a specialized transport system to 
maintain a high level of ascorbic acid 
in tears. The data generated in this 
study, however, are inadequate to 
allow any suggestions regarding the 
mode of entry of ascorbic acid into 
tears. 

The change in the composition of 
tears with reflex tearing has been the 
subject of many studies with conflict- 
ing results. In general, it appears that 
with reflex tearing, the levels of glu- 
cose, urea, and phosphate decrease, 
while the levels of a number of pro- 
teins, such as lactoferrin and lyso- 
zyme and perhaps albumin, increase; 
levels of potassium and chloride also 
increase. From this study, it would 
appear that ascorbic acid levels 
decrease with reflex tearing, but the 
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significance of this change cannot be 
addressed now. 

That ascorbic acid is present in 
tears at levels significantly higher 
than plasma would seem to suggest 
that this vitamin might play a role in 
protecting the corneal surface from 
oxidative insult, as has been sug- 
gested for other ocular tissues.** One 
important source of potentially toxic- 
free radicals is activated PMNs that 
are present in tears during ocular 
inflammatory episodes.” 
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Conjunctival Goblet Cells and Mitotic Rate in Children 
With Retinol Deficiency and Measles 


Vithal Rao, MD; Judith Friend, MA; Richard A. Thoft, MD; Barbara A. Underwood, PhD; P. Ranga Reddy, MD 


@ To study the effect of retinol defi- 
ciency and measles on the conjunctival 
epithelium, we determined the epithelial 
mitotic rate (MR) and goblet cell frequen- 
cy (GCF) in conjunctival biopsy speci- 
mens from preschool children in Hyder- 
abad, India. We studied three groups of 
children: (1) normal appearing, (2) clinical- 
ly retinol deficient (defined by the pres- 
ence of superficial fine punctate kerati- 
tis), and (3) clinically retinol deficient with 
measles. The last group was subdivided 
into those with low serum retinol levels 
(=20 „g/dL [<0.70 umol/L]) and those 
with normal serum retinol levels (>20 
ug/dL [>0.70 umol/L]). In the control 
group of seven normal-appearing children 
with a mean age of 4.6 years, the mean 
MR was 1.3% + 0.4%, and the mean GCF 
was 8.0% + 3.6% of the basal epithelial 
cells. In seven children with clinical retinol 
deficiency, the mean MR was 15.4% + 
1.2%, and the mean GCF was 1.0% + 
0.5%, values significantly different from 
normal ones. Among 11 children with clin- 
ical retinol deficiency, measles, and low 
serum retinol levels, the mean MR was 
9.0% + 1.9%, and the mean GCF was 
3.1% + 1.1%, values not statistically dif- 
ferent from those in children with clinical 
retinol deficiency alone. Five children 
with clinical retinol deficiency, measles, 
and normal serum retinol levels had a 
mean MR of 10.2% + 3.7% and a mean 
GCF of 1.9% + 1.7%, values similar to 
those in the other disease groups. This 
indicates that retinol deficiency sufficient 
to cause Clinical signs without subepithe- 
lial scarring or keratinization is associ- 
ated with hyperproliferation of the con- 
junctiva whether or not there is a superim- 
posed measles infection. 

(Arch Ophthalmol 1987;105:378-380) 


ast deficiency is an important 
problem for children in several 
developing countries and is associated 
with serious ocular problems, includ- 
ing xerosis and keratomalacia. Mea- 
sles, too, is often endemic in develop- 
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ing countries. Blindness may be a 
consequence of either retinol deficien- 
cy or measles in these countries, and 
the interrelationship of the two condi- 
tions in precipitating the blindness is 
under investigation. 

While some effects of retinol defi- 
ciency on conjunctival morphology 
(for example, a reduction in goblet cell 
frequency [GCF]) have been reported 
in the past,'? its effect on the conjunc- 
tival mitotic rate (MR) is unknown. In 
at least one other ocular surface dis- 
ease, ocular cicatricial pemphigoid 
(OCP), a low goblet cell content of the 
conjunctiva is found in conjunction 
with a higher than normal epithelial 
MR.‘ Since OCP also shows keratini- 
zation of ocular surface epithelial 
cells in its advanced stages, it seems 
possible that the epithelium in retinol 
deficiency may also be replicating at a 
high rate. This potential mechanism 
for the ocular surface abnormalities 
in retinol deficiency could be con- 
firmed by determining the MR in clin- 
ically deficient children. 

The severity of measles infection in 
retinol-deficient children has been 
noted previously.^* Since it seems like- 
ly that the cytopathic effect of the 
viral infection may stress the repara- 
tive capacity of the ocular surface, 
study of the combination of effects of 
measles and retinol deficiency on the 
epithelium should permit assessment 
of the vulnerability of the surface to 
both of these pathologic conditions. 

To study the epithelial response, we 
measured the MR and GCF of con- 
junctival epithelium in normal- 
appearing children, in children with 
clinical retinol deficiency, and in chil- 
dren with clinical retinol deficiency 
plus measles. 


PATIENTS AND METHODS 


The clinical observations, biopsies, and 
serum retinol level measurements were 
carried out in Hyderabad, India, and the 
evaluation of the tissue was done in Pitts- 
burgh. 

After the procedure had been fully 
explained, informed consent was obtained 
from one or both parents of all conjuncti- 
val biopsy specimen donors. There were 
three study populations made up of chil- 
dren of either sex aged 1 to 10 years: (1) a 
control group with no ocular signs of reti- 
nol deficiency; (2) a group with superficial 
fine punctate keratitis (FPK), the initial 
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ocular sign of clinical retinol deficiency; 
and (3) a group with measles in addition to 
FPK. This last group was subdivided into 
two groups: those with serum retinol levels 
of 20 ug/dL or less (<0.70 wmol/L) and 
those with serum retinol levels greater 
than 20 ug/dL (>0.70 pmol/L). The normal 
children were patients undergoing surgery 
at the Sarojini Devi Eye Hospital, Hyder- 
abad, either for congenital cataract or for 
strabismus correction. Retinol-deficient 
children were in the pediatric hospital, and 
children with measles and retinol deficien- 
cy were in the hospital for infectious dis- 
eases. 

The nutritional status of all of the 
patients was assessed based on weight for 
age using the Stuart and Stevenson Har- 
vard Standards of 1959. The appearance 
day of the rash was noted in the children 
with measles. 

The eye condition was assessed first by a 
handlight and loupe and then with a hand- 
held Kowa slit lamp. One-percent fluores- 
cein was used to highlight ocular lesions. 
To qualify for the diagnosis of retinol 
deficiency, the only clinical criterion ful- 
filled was the presence of superficial FPK, 
based on the earlier observation reported 
by Sommer and colleagues’ that this lesion 
is the first clinical sign of ocular involve- 
ment in retinol deficiency. The patients did 
not show classic or more advanced indica- 
tions of retinol deficiency, such as xerosis 
or keratinization. Measles was diagnosed 
by the presence of a rash and concurrent 
coarse punctate keratitis (CPK) (Figure). 

Blood samples were collected from all of 
the patients to estimate the retinol levels. 
The serum retinol measurement was done 
using high-pressure liquid chromatogra- 
phy (Beckman Instruments, Palo Alto, 
Calif) according to the procedure described 
by Bieri and colleagues.* 

Conjunctival biopsies were performed 
while the patients were under topical anes- 
thesia with 4% topical xylocaine. A piece 
of bulbar conjunctival epithelium 3 to 5 
mm in diameter was excised from the 
lower nasal conjunctiva 4 to 6 mm from the 
limbus. Biopsy specimens were collected 
between 10 AM and 12 PM to avoid any 
possible diurnal variations in MR. An 
unavoidable interval of zero to three hours 
occurred between biopsy and incubation. 
While it is possible that the trauma of 
excision may stimulate cellular prolifera- 
tion, a lag time of 24 to 48 hours between 
epithelial removal and increases in MRs is 
seen in vivo.’ Therefore, it is pessible that a 
similar lag occurs in this circumstance and 
that the zero to three hour interval is 
unimportant. No studies of the effect of the 
interval were done. 

All of the conjunctival biopsy specimen 
donors were given an oral vitamin A sup- 
plement of 200000 IU to ensure normal 
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wound healing. Healing was unremarkable 
in all the children. 

The biopsy specimeas were incubated in 
a tissueculture medium (medium 199, Gib- 
co Laboratories, Graad Island, NY) with 
10.0 uC?’ mL (20 Ci/mmol) of tritiated thy- 
midine (New England Nuclear, Boston) for 
2.5 hours at 37°C followed by 30 minutes of 
incubation in isotope-free medium. The 
specimens were then fixed in 10% buffered 
formaldehyde solutien, and 7-um-thick 
histologie tissue sections were prepared. 
Some of these sectiors were prepared for 
autoradiographic analysis in the following 
manner: they were eipped in a nuclear 
tract emulsion (NTB 2, Eastman Kodak, 
Rochester, NY), stored at 0°C for two 
weeks, deveioped (Kodak D19 developer), 
and stained with pericdic acid-Schiff using 
hematoxylin as the ccanterstain. 

The MR was determ- ned by counting the 
number of thymidine- abeled cells per 100 
basal epithelial cells on autoradiograph 
slides. The mumber of goblet cells per 100 
basal epithelial cells (GCF) was counted on 
the same or adjacent sections. Each speci- 





Fluorescein staining of coarse corneal lesions 
found with measles infection. In all cases in 
this series, these lesions were superimposed 
on fine superficial punctate keratitis that could 
not be photegraphed with available equip- 
ment. Measies lesions tend to start in periph- 
ery of cornea and appear to advance toward 
center. Healing occurred in all cases within 
seven days. Other signs include fever, rash, 
coryza, end conjunctiva inflammation. These 
children are usually phorophobic. 


men was counted by an investigator who 
did not know whether the slide was from a 
normal subject or a patient. 


RESULTS 


The Table shows the age, conjuncti- 
val epithelial MR, conjunctival epithe- 
lial GCF, and serum retinol levels for 
the four groups of children. There 
were no statistically significant dif- 
ferences among the groups' ages. 

The control group was made up of 
seven children with a mean age of 4.6 
years. The mean retinol level for this 
group was 26.8 ug/dL (0.94 umol/L) 
(Table). Children in this control group 
were small and underweight for their 
age compared with the Harvard 
weight for age standards, even though 
they were in good health. In the con- 
trols, the mean MR of the conjunctiva 
was 1.3% + 0.4% of the basal epithe- 
lial cells, not significantly different 
from the value of 1.6% + 0.276 in a 
group of 17 adult controls previously 
described.’ The mean GCF in this 
group was 8.0% + 3.6% of basal epi- 
thelial cells, again the same as that in 
a group of 17 adults.’ 

The children with clinical evidence 
of retinol deficiency but no measles 
infection had an average MR of 
15.4% +1.2% and a mean GCF of 
1.0% + 0.5% (n = 7, P < .01 for both). 
In all cases they were also malnour- 
ished, with 60% or less of standard 
weight for age. The clinical selection 
of retinol-deficient patients on the 
basis of superficial FPK correlated 
reasonably well with subsequent 
serum analysis: the mean serum reti- 
nol level for this group was 19.6 + 4.2 
ug/dL (0.68 + 0.15 umol/L), a normal 
value. 

The children who had measles, all of 
whom also had superficial FPK, were 
divided into two subgroups: those 
whose serum retinol level was 20 ug/ 
dL (0.70 umol/L) or lower and those 
whose serum retinol level was above 
20 ug/dL (0.70 umol/L). In the sub- 
group at or below 20 „g/dL (0.70 
umol/L), the average serum retinol 


level was 13.5 + 1.8 ug/dL (0.47 + 
0.06 umol/L). The average MR was 
9.0% + 1.9%, and the mean GCF was 
3.1% +1.1%. All of these children 
had a nutritional status of 80% or less 
of standard weight for age except for 
one child who was nearly normal. In 
the subgroup of five patients with 
measles and serum retinol levels 
above 20 ug/dL (0.70 umol/L), the 
average serum retinol level was 
26.8 + 1.8 ug/dL (0.94 + 0.06 umol/ 
L). The MR averaged 10.2% + 3.7%, 
and the mean GCF was 1.9% + 1.7%. 
These values are not significantly dif- 
ferent from those in the measles 
group with low retinol levels, nor are 
they significantly different from 
those in the children who had retinol 
deficiency alone. 


COMMENT 


The MR and GCF of the conjunctiva 
in the control group of children were 
the same as those reported previously 
for normal adults; There was no 
apparent relationship of age to the 
MR or GCF within the control group 
or the diseased groups and no signifi- 
cant differences in age among the 
groups. 

The measles and clinically retinol- 
deficient group of children was subdi- 
vided into two groups: those with 
serum retinol levels less than or equal 
to 20 ug/dL (0.70 umol/L) and those 
with serum retinol levels greater than 
20 ug/dL (0.70 umol/L). This cutoff 
point of 20 ug/dL (0.70 umol/L) for 
serum retinol levels was chosen only — 
because most nutritionists think that 
clinical findings of retinol deficiency 
(night blindness or epithelial abnor- 
malities) are almost never found in 
patients whose retinol levels are 
greater than 20 ug/dL (0.70 umol/L). 
The use of serum retinol levels as an 
indicator of retinol deficiency is not a 
very reliable indicator, and potential- 
ly more useful measures, such as the 
relative dose response, are being 
investigated.” 

The most striking abnormality 
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"MR indicates mitotic rate; GCF, goblet cell frequency. 
tClinical retinol deficiency was indicated by the presence of fine superficial punctate keratitis. 
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noted in this study was the uniformly 
high MR seen in the conjunctiva of all 
of the children with retinol deficiency 
and with retinol deficiency plus mea- 
sles infection. The eyes were abnor- 
mal in all cases. Retinol deficiency 
was defined by the presence of FPK. 
The measles group had, in addition, 
the characteristic CPK caused by local 
viral proliferation. The clinical ap- 
pearance of the measles infection in 
the cornea was first illustrated in 
elegant photographs by Dekkers,’ who 
also demonstrated by the use of 
immunofluorescence that virus was 
actually present in ocular surface epi- 
thelial cells. 

While there appeared to be a ten- 
dency for the patients with a combi- 
nation of retinol deficiency and mea- 
sles to have a somewhat less elevated 
MR, the number of cases was too 
small and the sampling variation too 
great to result in statistically signifi- 
cant differences. 

These MRs are among the highest 
reported in pathologic conditions. For 
comparison, for example, we reported 
previously* that in OCP the average 
MR was 7.2% + 2.2% in 11 patients. 
We have sampled a variety of other 
conditions since that report, and the 
highest MR value found to date was 
22% in severe atopic keratoconjuncti- 
vitis with a persistent epithelial 
defect and symblepharon formation. 

It is important to note that the MR 
elevation found in the current study is 
not associated with subepithelial 
scarring. Thus, epithelial hypermito- 
sis per se may not be sufficient to lead 
to subepithelial scar formation, which 
is such a prominent feature of OCP. 
This variation in the clinical evolution 
of diseases associated with epithelial 
hypermitosis suggests the need for 
caution in ascribing all of the changes 
in conjunctival scarring diseases to 
increased epithelial proliferation 
alone. Certainly the causes are quite 
different—OCP appears to be an auto- 
immune disease, while retinol defi- 
ciency is clearly a nutritional deficien- 
cy with associated abnormalities in 
epithelial differentiation. 

As expected, hypermitosis of the 
conjunctiva in the current series was 
associated with a reduction in the 
GCF. This inverse relationship of MR 
to GCF was first noted by Kinoshita 
and colleagues," who found that a 
high rate of ocular surface mitosis 
accompanied the loss of goblet cells 
from epithelium in the process of 
transdifferentiation from conjunctiva 
to cornea. It is notable that the GCFs 
in the various groups in this study 
were not sufficiently different to per- 
mit the claim of statistical signifi- 
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cance. This highlights the primary 
problem with conjunctival goblet cell 
biopsies—unlike the MR, there is a 
great deal of regional variation in the 
goblet cell content of conjunctival epi- 
thelium, making the choice of location 
of the biopsy specimen obtained very 
important. Larger fields of cells 
provided by the newer technique of 
filter-paper impression have been 
shown to be less subject to this varia- 
tion. That fact coupled with the rela- 
tively noninvasive nature of the filter- 
paper technique seems to make this 
latter technique the method of choice 
for clinical ocular surface GCF evalu- 
ation. ^4 

The combination of a very signifi- 
cant elevation in MR and a tendency 
to reduced GCF in retinol deficiency 
further supports the theory that reti- 
nol plays an important role in regula- 
tion of the state of conjunctival dif- 
ferentiation.’ The retinol-deficient 
children were chosen because of the 
appearance of a fine superficial corne- 
al punctate lesion, not a conjunctival 
abnormality such as Bitot's spots or 
conjunctival xerosis. This suggests, as 
noted by Sommer,’ that the corneal 
change precedes the conjunctival 
signs and that hypermitosis also pre- 
cedes clinical conjunctival changes. 
Earlier work in rabbits indicated that 
the phenotypical change from con- 
junctival to corneal epithelium was 
preceded by hypermitosis."' Therefore, 
it seems reasonable to postulate that 
the clinical abnormalities seen in the 
conjunctiva of retinol-deficient hu- 
mans may be preceded by a change in 
the MR. Animal studies are now 
under way to explore the temporal 
relationship of change in MR and dif- 
ferentiation to retinol deficiency. 

The superimposition of measles on 
retinol deficiency did not produce 
clear-cut changes in the hypermitosis 
or the tendency toward reduced GCF 
found in retinol deficiency alone. An 
even higher MR to replace cells 
destroyed by the viral proliferation 
might have been expected, but this 
was not shown. The present study 
does not, therefore, illuminate the 
reason for the particularly severe con- 
sequences of measles infection in 
some retinol-deficient children. It has 
been suggested that the systemic viral 
infection leads to further depletion of 
already inadequate retinol stores, but 
this has not yet been demonstrated.? 
While the additional epithelial dam- 
age associated with the cytopathic 
effect of the measles infection of the 
ocular surface (shown clinically by 
CPK, Figure) must certainly aggra- 
vate the epithelial disturbance, no 
inhibition or acceleration of epithelial 
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multiplication or GCF was shown in 
this study. 

Retinol deficiency appears to cause 
an early increase in epithelial cell 
mitosis that precedes clinical abnor- 
malities of the conjunctiva. The stim- 
ulus for the increased epithelial pro- 
liferation in this disease is not clear. 
It has been suggested that the subepi- 
thelial cellular infiltration may be of 
primary importance in the initiation 
of OCP, another disease characterized 
by a high conjunctival epithelial MR, 
but the relationship of MR and GCF 
to subepithelial cellular infiltrate is 
not clear and is currently being inves- 
tigated. 
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Unilateral Orbital Advancement for Plagiocephaly 
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e Strabismus, ptosis, lateral canthal 
dystopia, nasolacrimal obstruction, and 
cranial nerve palsy were noted preopera- 
tively in 3296, 21%, 14%, 1296, and 9% of 
34 patients, respectively, undergoing 
ophthalmologic evaluation prior to unilat- 
eral orbital advancement for plagiocepha- 
ly. Thirty-two percent of the patients had 
normal preoperative »cular and adnexal 
examination results. ?tosis, strabismus, 
and amblyopia were wequently acquired 
postoperative abnormalities in 29%, 18%, 
and 18% of the patents, respectively. 
Forty-four percent of ‘he patients had no 
new abnormalities following craniofacial 
surgery. 

(Arch Ophthalmol 1387;105:38 1-385) 


D lagiecephaly (isclated craniofacial 

dysostosis) is a craniofacial abnor- 
mality related to the premature clo- 
sure of the coronal suture of the cal- 
varia, causing multiple bony and soft- 
tissue abnormalities. These abnor- 
malities usually include ipsilateral 
forehead and orbita. retrusion, orbital 
and lateral canthal dystopia, contra- 
lateral forehead pretrusion, and con- 
tralateral zygomatic and occipital 
flattening’ (Fig 1). Ophthalmologists 
frequently care for these patients 
because of associated ocular abnor- 
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malities that include both comitant 
and incomitant strabismus, oculomo- 
tor cranial nerve palsies, optic neu- 
ropathy, ptosis, and other ocular and 
adnexal problems.** 

Unlike the symmetrical craniofa- 
cial dysostoses, such as the Crouzon, 
Apert (acrocephalosyndactyly), and 
kleeblatschádel syndromes, intracra- 
nial hypertension is not usually a fea- 
ture of plagiocephaly, and neurosurgi- 
cal and craniofacial procedures are 
thus performed primarily to alleviate 
the devastating social and psychologi- 
cal impact of this deformity. The elec- 
tive nature of this procedure therefore 
necessitates a clear understanding by 
both patient and physician of the 
risks involved. The general medical 
complications of this and other cra- 
niofacial procedures are the subject of 
another report (L.A.W., S.P. Bartlet, 
L. Schut, and J.A.K., unpublished 
data, 1986). 

The present report reviews the pre- 
operative and postoperative ocular 
and adnexal abnormalities in a series 
of plagiocephalic patients undergoing 
unilateral orbital advancement. Gen- 
eral trends, possible causes, and the 
frequency of need for ophthalmologic 
surgery are presented herein. 


PATIENTS AND METHODS 


We reviewed plagiocephalic patients 
who had undergone unilateral orbital 
advancement surgery by the Craniofacial 
Service of The Children’s Hospital of Phil- 
adelphia between July 1975 and November 
1984. Thirty-four patients had complete 
preoperative and postoperative ophthal- 
mologic examinations. The patient age at 
the time of surgery ranged from 0.3 to 6.3 


years, with an average age of 1.3 years. The 
follow-up period ranged from one to ten 
years, with a mean follow-up period of five 
years. 

The surgical technique employed has 
been previously described. Through a cor- 
onal incision the superior, lateral, and 
inferolateral orbital rims are explored. 
Intraorbitally, the periorbitum is elevated 
from the orbital walls back to the level of 
the orbital fissures except inferomedially, 
where the dissection stops short of the 
nasolacrimal apparatus and medial can- 
thal tendon. An osteotomy of two thirds of 
the orbital circumference (from the naso- 
frontal suture to the inferolateral orbit) is 
completed, and the orbit is advanced in a 
tongue-in-groove fashion before being rig- 
idly wired into position. Supraorbital, tem- 
poral, and infraorbital augmentation bone 
grafts are placed as necessary for structur- 
al symmetry. Bone grafts within the orbit 
posterior to the globe are used if orbital 
advancement has produced significant 
enophthalmos. The periorbital envelope 
containing the orbital soft tissues is not 
sutured into place but is allowed to settle 
into the advanced orbit. 

Canthal dystopia, as used in this report, 
is defined as vertical displacement of the 
medial or lateral canthi. Ptosis is classified 
as mild (1 to 2 mm), moderate (3 to 5 mm), 
or severe (6 mm or greater). Levator func- 
tion is classified as good (8 mm or greater), 
fair (5 to 7 mm), or poor (4 mm or less). 
Superior oblique (SO) muscle underaction 
was distinguished from primary overac- 
tion of the antagonizing inferior oblique 
(IO) muscle by a positive Parks-Biel- 
schowsky test. 

Because a true cranial nerve palsy in 
many cases cannot clinically be distin- 
guished from myogenic or mechanical lim- 
itation of extraocular movement, particu- 
larly in the postoperative state, SO muscle 
underaction is used herein as a general 
descriptive category. 
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Fig 1.—Infant with mild craniofacial deformity due to plagiocephaly on right side. Frontal (top left) and superior (top right) 
views show forehead and orbital retrusion, as well as orbital dystopia (inferior displacement). Following unilateral orbital 
advancement, frontal (bottom left) and superior (bottom right) views show improved symmetry. 


RESULTS 

Eleven (32%) of 34 patients had 
normal results of preoperative ocular 
and adnexal examinations (Table 1). 
The most frequent preoperative 
abnormalities were strabismus 
(11/34; 32%), ptosis (7/34; 21%), and 
lateral canthal dystopia (5/34; 14%). 
All cases of ptosis were classified as 
mild with good levator function. 
Motility disorders included three 
patients with esotropia, four patients 
with simple exotropia, one patient 
with V-pattern exotropia and overac- 
tion of the IO muscles, one patient 
with hypotropia, one patient with an 
elevation deficit (possibly a double- 
elevator palsy), and one patient with 
pure limitation of depression in 
adduction without other evidence of 
fourth-nerve palsy. One of the 
patients with esotropia also had disso- 
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ciated vertical deviation. Twenty- 
three (68% ) of 34 patients had normal 
preoperative oculomotor function (Ta- 
ble 2). 

There were three patients (9%) 
with cranial nerve palsies: one patient 
with a unilateral fourth, another 
patient with a unilateral seventh, and 
the final patient with unilateral sixth 
and seventh cranial nerve palsies (Ta- 
ble 3). One patient had microphthal- 
mos with a choroidal coloboma on the 
side of the plagiocephaly. Three 
patients had nasolacrimal obstruction 
on the side of the plagiocephaly. One 
patient had bilateral nasolacrimal 
obstruction. 

Postoperatively, 15 patients (44% ) 
had no new ocular or adnexal abnor- 
malities (Table 4). Ten additional 
patients with ptosis (29% ) were noted. 
All ptoses were unilateral and on the 
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side of the orbital advancement. Six 
ptoses were classified as mild with 
good levator function. Three ptoses 
were moderate, also with good levator 
function. One case was possibly neuro- 
genic with moderate ptosis and fair 
levator function. Three of the four 
ptoses classified as moderate were 
associated with occlusion amblyopia 
without strabismus. In one instance, 
preoperative ptosis was resolved fol- 
lowing orbital advancement surgery. 
In one patient, nasolacrimal obstruc- 
tion was found postoperatively on the 
side of orbital advancement. 

Newly acquired strabismus was 
noted in six patients (18% ) postopera- 
tively: three patients with SO muscle 
underaction, one patient with esotro- 
pia, one patient with exotropia and 
overaction of IO muscles, and one 
patient in whom preoperative V-pat- 
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Table .—Preoperative Abnormalities 
im Plagiocephalic Patients 


No. (%) of 
Cases (N = 34) 
7 (21) 


Abrormality 
Ptosis 
Lateral -anthal 
5 (14) 


dystomia 
Nasolacimal 


obstruction 4 (12) 
Strabismus 11 (32) 
Cranial serve palsy 3 (9) 
Strabismic amblyopia 2 (6) 
Microehthalmos 1 (3) 
Choroidal coloboma 1 (3) 
None (mermal) 11 (32) 


tern exo-ropia and overaction of the 
IO museEs was eliminated and ortho- 
phoria wath bilateral dissociated ver- 
tical dewation was observed. Simple 
exotropie was eliminated in one pa- 
tient (Table 2). In the patients with ac- 
quired S9 muscle uaderaction, abnor- 
malities were ipsila-eral to the orbital 
advancement and positive head-tilt 
tests were consistent with fourth- 
nerve pa-sy. One patient developed a 
possible ~hird-nerve palsy with ptosis, 
limited adduction snd elevation, and 
normal pupillary reactions (Table 3). 

Ambiyopia was observed in six 
patients (18%). The amblyopia was 
ptosis-ee-lusion-related in three cases 
and strabismic in three others. Of the 
three strabismic cases, two cases 
resulted rom strabssmus noted short- 
ly after eraniofacia surgery. None of 
the patents with amblyopia had 
asymmetric refract-ve errors. A third 
patient with preoperative exotropia at 
distance was found to have exotropia 
at distamee and near, with amblyopia 
noted two years following surgery. 
Because his condition often occurs in 
childhood exotropiz, it is difficult to 
ascribe blame for this complication to 
the craniofacial surzery. 

Five o` the ten patients with post- 
operative ptosis required surgical 
repair for either treatment of ambly- 
opia or achievemene of an acceptable 
cosmeticresult. Miiellerectomy proce- 
dures were used in patients with mild 
ptosis, responding with normal lid 
position when stimulated topically 
with 25% phenyleohrine hydrochlo- 
ride. Le-ator aponeurosis or muscle 
resections were performed on all 
patients aot responcing to phenyleph- 
rine therapy and or all patients with 
moderate ptosis. “he patient with 
possible neurogenic ptosis required 
frontalis suspension following unsuc- 
cessful Evator resection. Following 
surgical repair, patch therapy to the 
contralateral eye achieved resolution 
of ocelusion amblyopia in all three 
patients created. * 
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Present 
Preoperatively 


Abnormality 
Esotropia 
Exotropia 


Hypotropia 





No. of Cases (N = 34) 
———————————————————— 


Acquired 
Postoperatively 


Poor elevation 1 0 


Exotropia resolved 


Normal motility 





*OAIO indicates overaction of inferior oblique muscle(s); DVD, dissociated vertical deviation; V-XT, 
exotropia greater in upward gaze than in downward gaze; and SOU, underaction of superior oblique 


muscle(s). 


Table 3.—Cranial Nerve Palsies in Plagiocephalic Patients 





No. of Cases (N = 34) 


eRe PO OO 


Palsy Present 
Preoperatively 


Cranial Nerve 


Palsy Acquired 
Postoperatively 


Table 4.—Acquired Ocular 
Abnormalities Following Unilateral 
Orbital Advancement 
for Plagiocephaly 


No. (%) of 
Cases (N = 34) 
10 (29) 


Abnormality 
Ptosis 


Ptosis resolved 1 (3) 
Nasolacrimal 
obstruction 1 (3) 


Strabismus 6 (18) 
Strabismus resolved 1 (3) 
Cranial nerve palsy 1 (3) 
Amblyopia 
Occlusion 3 (9) 
Strabismic 3 (9) 
No change 15 (44) 





If craniofacial surgery was immi- 
nent, repair of nasolacrimal obstruc- 
tion and correction of motility disor- 
ders were deferred until completion of 
major structural alterations. When 
craniofacial surgery was planned for 
the future, strabismus surgery was 
undertaken early to improve chances 
for achieving binocularity. Nasolacri- 
mal procedures were similarly per- 
formed early when acute dacryocysti- 
tis or chronic epiphora unresponsive 
to conservative measures persisted.’ 

Fourteen patients required ocular 
or adnexal surgery for abnormalities 
noted prior to their craniofacial sur- 
gery. Ten patients required ophthal- 












Table 5.—Ocular Surgery for 
Plagiocephalic Patients 






No. of 


Indication Cases (N = 34) 


To correct abnormalities 
Noted prior to 
craniofacial surgery 14 
Noted after 
craniofacial surgery 
Total Surgical Cases 





mic surgery for abnormalities ac- 
quired during craniofacial reconstruc- 
tion. Overall, 71% (24/34) of the 
patients required some form of ocular 
or adnexal surgery for abnormalities 
associated with plagiocephaly and its 
treatment (Table 5). 


COMMENT 


Premature closure of the coronal 
suture in utero is related to a spec- 
trum of cranial and facial abnormali- 
ties. Some are severely disfiguring 
structural changes while others may 
be subtle asymmetries. Any review of 
patients with craniofacial abnormali- 
ties who are referred to a major 
reconstructive center has an inherent 
bias with the possibility of dispropor- 
tionate representation by more severe 
cases. In our series, 68% of 34 patients 
had preoperative ocular and adnexal 
abnormalities. The prevalence of sim- 
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Fig 2.—Relationship between reflected supe- 
rior oblique (SO) tendon and inferior oblique 
(IO) muscle in plagiocephaly. Because superi- 
or orbit and SO trochlea are retruded in left 
orbit relative to inferior orbital rim and IO 
muscle origin, reflected SO tendon is ''desag- 
ittalized'" relative to IO muscle, effectively 
decreasing infraducting vector of SO muscle. 
Foreshortened unreflected muscular segment 
from muscle origin to its trochlea may also 
contribute to frequently observed SO muscle 
underaction. Right orbit exhibits normal ana- 
tomic features. 


ilar abnormalities in the plagioceph- 
alic population at large is unknown. 
Nineteen (56%) of 34 patients devel- 
oped additional abnormalities after 
craniofacial surgery. 

Ptosis was a frequently encountered 
abnormality. In our series of 34 
patients, seven patients (21%) had 
preoperative ptosis and ten patients 
(29% ) developed ptosis postoperative- 
ly. All preoperative ptosis cases were 
classified as mild, with good levator 
function. All but three patients in the 
postoperative group had mild ptosis, 
with three cases classified as moder- 
ate. Nine of ten patients with postop- 
erative ptosis had good levator func- 
tion, while one patient had only fair 
levator function. In all 17 patients, 
the ptosis was on the plagiocephalic 
side. 

In the case of preoperative ptosis, 
we feel that there may be loss of 
mechanical advantage by the levator- 
Miieller’s muscle complex extending 
through a displaced and retruded 
orbit. The globe, which serves as a 
fulcrum for the lid retractors, is simi- 
larly displaced. These factors may 
contribute to a mechanically disad- 
vantaged system. 

In all instances of preoperative pto- 
sis (7/34; 21%), relatively good lid 
excursions were maintained. This 
finding would be expected since the 
lid-retracting muscle complex, at its 
new position relative to the bony 
orbit, maintains normal innervation 
and contractile properties. 

Correlation between  exophthal- 
mometry and ptosis is not useful 
because the bony structures, which 
are used as a frame of reference for 





Fig 3. —Left, Three-dimensional computed tomographic reconstruction of orbits and cranium of 
patient with plagiocephaly on right side (pseudoforamina in right supraorbital region and left 
orbital roof are artifacts). Right, ‘‘Excyclotorsion’’ (arrows) of entire orbit, with greatest orbital 
rim diameter in inferonasal to superotemporal direction, may cause concurrent excyclotorsion of 
orbital soft tissues, including globe and extraocular muscle insertions causing V-patterns in 
vertical gaze and overacting inferior oblique muscles in horizonal gaze. 


globe position with either Hertel or 
Luedde instruments, are also asym- 
metric in their anteroposterior rela- 
tionship. The use of three-dimension- 
al, reconstructed, computed tomogra- 
phic views of the orbits may facilitate 
more accurate analysis of these rela- 
tionships. 

Postoperative ptosis may be related 
to a relaxation of the suspensory tis- 
sues supporting the levator-Müeller's 
muscle complex. During orbital 
advancement surgery, the medial and 
lateral horns of the levator aponeuro- 
sis and Whitnall's superior transverse 
ligament are detached from their 
orbital moorings as the entire perior- 
bita is reflected inferiorly to perform 
osteotomies along the superior, later- 
al, and inferolateral walls of the orbit. 
The periosteum is not reattached fol- 
lowing orbital advancement and, with 
the orbital soft tissues, is allowed to 
spontaneously fall back into place. 
Presumably, this loss of the original 
suspensory properties of the levator 
horns and Whitnall's ligament creates 
a mechanical disadvantage for the lid 
retractors. A relative degree of en- 
ophthalmos is also frequently noted 
postoperatively as the bony orbit is ad- 
vanced around the globe. In some 
cases, this condition may contribute to 
postoperative lid-fissure asymmetry. 

Severe enophthalmos noted intra- 
operatively has been treated with 
inlay bone grafts to the orbital roof 
and/or floor. In one case, ptosis noted 
preoperatively was eliminated using 
this technique. 

Lateral canthal dystopia is, in vary- 
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ing degrees, a component of the pri- 
mary defect in plagiocephaly, and it is 
therefore not surprising that dystopia 
is a frequently associated adnexal 
abnormality. Of significance is the 
need to repair this and other ocular 
adnexal deformities at the time of 
craniofacial reconstruction for ac- 
ceptable cosmetic and functional 
results.’ 

Various theories have been ad- 
vanced to explain the motility abnor- 
malities in the craniofacial synos- 
toses. In both plagiocephaly and the 
symmetric craniofacial dysostoses, 
"desagittalization" of the reflected 
tendinous segment of the SO muscle 
has been proposed as an explanation 
for the frequently observed SO muscle 
underaction and IO muscle overac- 
tion? (Fig 2). The greater sagittal 
direction of the IO muscle gives it 
greater infraduction in adduction 
than its more transversely aligned SO 
antagonist. Additionally, the retruded 
orbit, and hence the retruded SO 
trochlea, results in a shortened unre- 
flected muscular segment of the SO 
muscle that may cause further weak- 
ness.'? 

A third, more compelling theory 
explains both the SO muscle weak- 
ness/IO muscle overaction and the 
frequently observed V-patterns in 
craniofacial disease. “Excyelotorsion” 
of the entire orbit with concurrent 
rotation of the globe may give the 
slightly superiorly located medial rec- 
tus muscle an elevating, as well as 
adducting, effect, which explains the 
phenomenon of elevation in adduc- 


Plagiocephaly — Diamond et al 





tion. The slightly laterally located 
superior rectus muscle may abduct, as 
well as elevate, the eye while the 
slightly medially located inferior rec- 
tus muscle may adduct, as well as 
depress, the eye with a resultant V- 
patterr with upward and downward 
gaze" (Fig 3). This may have direct 
clinical application in the surgical 
correction of these abnormalities 
(G.R.D.. unpublished data, 1984). The 
frequency of SO muscle underaction, 
overacton of IO muscles, and V- 
patterns in plagiocephaly appears to 
be lower than that found in the sym- 
metrical craniofacial dysostoses 
(J.A.K.. G.R.D., and T.A.B., unpub- 
lished cata, 1985). 

Postcperative SO muscle underac- 
tions oecurred with significant fre- 
quency (3/34; 9%). Possible mecha- 
nisms »f these extraocular muscle 
problems include neurogenic, myogen- 
ie, mecaanical, or restrictive causes. 
Direct blunt or sharp trauma or indi- 
rect tractional forces to the cranial 
nerves zlong their intraorbital course 
is possmle. The higher frequency of 
SO musele underaction may be due to 
the more vulnerable course of the 
trochlezr nerve. This nerve enters the 
orbit superomedial to the annulus of 
Zinn im the superior orbital fissure 
and rurs extraconally, inserting into 
the SO muscle belly on its superior 
aspect. There is orbital fat and perios- 
teum between it and the surgical 
plane. | 

The other  oculomotor cranial 
nerves zre more protected since they 
enter the orbit through the superior 
orbital assure within the annulus of 
Zinn ane run intraconally to insert on 
their mescles from within the muscle 
cone. There is intraconal fat, extra- 
ocular muscle, intermuscular septum, 
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and fascia of Tenon, in addition to 
extraconal fat and periosteum, be- 
tween these nerves and the surgical 
plane. The one case of postoperative 
ptosis with only fair levator function 
may have occurred by a similar neuro- 
genic mechanism. 

It is, perhaps, more likely that 
mechanical factors play the major 
role in postoperative SO muscle 
underaction. A slipping of the troch- 
lea posteriorly with its periosteal 
attachments may occur when it is 
reposited on the orbital roof, effec- 
tively weakening SO muscle function, 
both by “desagittalizing” the reflected 
tendon and by shortening the unre- 
flected muscle. Cicatricial restriction 
of the IO muscle might mimic SO 
muscle weakness clinically; however, 
forced duction testing at the time of 
corrective motility surgery has not 
confirmed this mimicry. 

Cases of horizontal muscle imbal- 
ance were divided preoperatively be- 
tween esotropias (3/34; 9% ) and exo- 
tropias (5/34; 15%). This contrasts 
sharply with the symmetrical cranio- 
facial dysostoses in which a higher 
overall frequency of horizontal stra- 
bismus is seen, with an exotropia- 
to-esotropia ratio of 10 to 1 (J.A.K., 
G.R.D., and T.A.B., unpublished data, 
1986). The acquired horizontal muscle 
imbalance observed included one case 
of esotropia, one case of exotropia with 
unilateral IO muscle overaction, and 
one case of resolved exotropia. Al- 
though these are small numbers, they 
appear to contrast with the strong ten- 
dency toward decreasing exotropia or 
increasing esotropia in patients with 
symmetrical craniofacial dysostoses 
undergoing bilateral orbital advance- 
ment surgery (J.A.K., G.R.D., and 
T.A.B., unpublished data, 1986). This 
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may be due to a greater degree of re- 
alignment of the orbital axes toward 
the visual axes in the bilateral proce- 
dures. 

Nasolacrimal obstruction appears 
to be an unlikely complication of uni- 
lateral orbital advancement, with 
only one such case noted in our series. 
This very low rate would be expected, 
as the inferomedial orbit is not 
involved in the procedure, supporting 
the rationale for earlier repair as 
needed for symptomatic nasolacrimal 
duct obstruction in those patients in 
whom craniofacial surgery will be sig- 
nificantly deferred. When craniofa- 
cial surgery is imminent, combined 
procedures are acceptable and can 
reduce patient anesthetic risk. 

Strabismus, ptosis, lateral canthal 
dystopia, nasolacrimal obstruction, 
and cranial nerve palsy were noted 
preoperatively in patients undergoing 
ophthalmologic evaluation prior to 
unilateral orbital advancement for 
plagiocephaly. Ptosis, strabismus, and 
amblyopia were observed as acquired 
postoperative abnormalities. 

When one considers the radical 
structural and soft-tissue alterations 
that are performed during orbital 
advancement surgery to achieve the 
desired aesthetic and functional 
results, the low rate of complications 
is remarkable. In those instances in 
which ocular and adnexal abnormali- 
ties have been observed, surgical cor- 
rection has been satisfactory from a 
cosmetic and functional perspective. 
Improved understanding of the etio- 
logic mechanisms of these abnormali- 
ties may facilitate their prevention 
and offer new and better strategies 
for their correction. 
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Optic Nerve Sheath Decompression 


Review of 17 Cases 


Saunders L. Hupp, MD; Joel S. Glaser, MD; Sandra Frazier-Byrne 


@ Seventeen patients (19 eyes) with 
progressive visual loss associated with 
retrobulbar optic nerve and/or sheath 
enlargement were treated by surgical 
nerve sheath decompression at the Bas- 
com Palmer Eye Institute, Miami, from 
1969 through 1984. A decision to inter- 
vene was based on progressive visual 
loss unresponsive to other modes of ther- 
apy and accompanied by retrobulbar 
optic nerve sheath enlargement as deter- 
mined by computed tomography, contrast 
orbitography, or orbital echography. Fol- 
low-up ranged from three months to nine 
years, with an average of 17 months. 
Visual function improvement was noted 
within one month after operation in seven 
of 19 eyes. The other 12 eyes showed no 
improvement or continued to worsen. 
Postoperative complications were infre- 
quent, with motility disturbances being 
the most common. Optic nerve sheath 
decompression via the medial orbital 
approach has a low operative morbidity 
and may improve visual function in 
patients with progressive visual loss asso- 
ciated with the accumulation of com- 
pressible fluids in the retro-orbital optic 
nerve sheaths. This relatively safe surgi- 
cal approach to the retrobulbar optic 
nerve may also be of future use in the 
retrieval of optic nerve tissue and fluid for 
chemical and cytologic analysis. 

(Arch Ophthalmol 1987; 105:386-389) 
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A variety of techniques have been 

described for optic nerve sheath 
decompression in the treatment of 
visual loss due to chronic papilledema 
of increased intracranial pressure.'* 
First described by De Wecker’ in 1872, 
and reaffirmed by Carter? a few years 
later, such procedures did not gain 
popularity until Hayreh,; in 1964, 
demonstrated their effectiveness in 
experimental primate papilledema. 
Thereafter, Smith et al'?^ and David- 
son'' employed lateral orbitotomies to 
approach the optic nerve, and Gal- 
braith and Sullivan‘ popularized the 
current medial approach to the optic 
nerve, which remains the most fre- 
quently employed technique. 

Since the development of sophisti- 
cated, noninvasive techniques such as 
computed tomographic scanning and 
echography, more instances of pro- 
gressive optic nerve dysfunction have 
been found to be associated with fluid 
enlargement of the retrobulbar optic 
nerve and/or sheath. We examined 17 
patients (19 eyes) with progressive 
visual loss associated with retrobul- 
bar optic nerve and/or sheath 
enlargement who were treated by 
nerve sheath decompression at the 
Bascom Palmer Eye Institute, Miami, 
between 1969 and 1984. Visual progno- 
sis, techniques, and operative morbid- 
ity will be discussed. 


PATIENTS AND METHODS 


All patients were examined and all nerve 
sheath decompressions were performed at 
the Bascom Palmer Eye Institute during 
the years 1969 through 1984 by one of four 
surgeons. Preoperative findings are shown 
in Table 1, and surgeons are indicated in 
Table 2. Surgeons 1, 2, and 3 employed the 


386 Arch Ophthalmol— Vol 105, March 1987 





hl 
| 
«d 


medial orbital approach, as described by 
Galbraith and Sullivan Surgeon 4 
approached the optic nerve from a lateral 
orbitotomy without replacement of the lat- 
eral orbital wall. The nerve sheath was 
decompressed by multiple linear incisions 
by surgeons 1, 2, and 4, but surgeon 3 
removed a 2 X 3-mm "window" of sheath 
tissue. 

The decision to operate was based on (1) 
progressive visual loss with no available 
therapeutic alternative (cases 3, 5, 6, 7, 10, 
11, and 13 through 17) or poor response to 
medical or surgical therapy in the form of 
diuretics (cases 1 and 9), oral steroids 
(cases 1, 8, 9, and 12), vitamin B (case 2), 
lumboperitoneal shunt (cases 1, 9, and 12), 
or craniotomy (cases 8 and 12), accompa- 
nied by (2) retrobulbar optic nerve sheath 
enlargement as determined by computed 
tomography, contrast orbitography, or 
specialized orbital echography measuring 
the nerve sheath widths in primary gaze 
and at gaze 30° from primary (30° test 
available after 1980). 

The 30? test detects the presence or 
absence of a compressible fluid between 
optic nerve sheaths by comparing stan- 
dardized A-scan measurements of optic 
nerve width in different positions of gaze. 
When compressible fluid causes optic 
nerve distention, the optic nerve width will 
decrease if gaze is shifted from the prima- 
ry position to 30° in either horizontal 
direction, because of the tightening and 
stretching of the nerve sheaths. Measure- 
ments of the anterior orbital optic nerve 
taken with a standardized A-scan device 
are accurate to within 0.8 mm.^ A com- 
pressible fluid is considered to be responsi- 
ble for optic nerve distention (a positive 
finding on the 30° test) when a greater 
than 10% diminution of anterior orbital 
optic nerve width occurs on eccentric 
gaze. 

Visual field examinations were per- 
formed at the Bascom Palmer Eye Insti- 
tute by trained technicians using either a 
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Goldmann or an Aimark perimeter with 
white targets. Visua field “constriction” 
defines a peripheral field loss of 60% to 
70%, and fields were considered “ex- 
panded” when there was at least a 30% 
imprevement since previous examina- 
tions. 

Patient follow-up ranged from three 
months to nine years,with an average of 17 
months. 


RESBLTS 


Visual function improvement was 
noted by one month in seven of 19 eyes 
(cases 3, 5, 6, 8, 10. 13, and 17) (Table 
2). Ewht eyes showed no visual 
imprevement (cases 1, 2, 4, 7, 11, 12, 
and 14) (Table 2). The preoperative 
temporal progresseon of visual func- 
tion toss that occurred over a period 
ranging from two months to one year 
in seven eyes (cases 9, 11, 12, 14, and 
16) was unchanged by nerve sheath 
decompression and resulted in loss of 
light perception wrhin one year after 
operation. 

Postoperative cemplications were 
infrejuent, occurring in only three of 
17 patients. Motlity disturbances, 
either esotropia (case 3) or exotropia 
(case 4), were the most common. 
Patient 14 had a deformity of the 
right temporal fossa after a lateral 
orbital! approach. (The lateral orbital 
rim was not replaced.) 

Ner-e sheath echography employ- 
ing the 30° test? was used to deter- 
mine changes in nerve sheath size in 
cases | through 7 (Table 3). Preopera- 
tive sath diameters ranged from 5.3 
to 7.0 mm (norma, up to 2.5 to 3.0 
mm ),znd all decreased during the 30° 
test, indicating subarachnoid fluid 
accumulation. All patients were sub- 
jected to medial, transconjunctival 
orbite:omy, as deseribed by Galbraith 
and Sullivan.* Cases 1 and 5 had linear 
incisions in the sheaths, but no win- 
dows of tissue were removed as in 
cases 2, 3, 4, 6, and 7. The average 
decrease in sheath diameter at the 
first postoperative examination was 
2.3 nem (range, 0.5 to 4.4 mm). Suba- 
rachncid fluid reaccumulated in cases 
2, 5, 6, and 7 in an average of 2.7 
months (range, ore to five months). 
The lett nerve in case 7 lost more fluid 
than the operated-on right nerve and 
did net reaccumulate fluid as the 
right merve did. 


COMMENT 


A view of 34 cases of optic nerve 
sheat: decompression that have 
appeared in the literature since the 
late 1960s indicates that improvement 
in diseedema and visual function usu- 
ally eecurs within one to two 
months.’ 9/9 Rardy, bilateral disc 
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edema resolved when only one nerve 
sheath was decompressed.'^ Twenty- 
two of these cases were diagnosed as 
pseudotumor cerebri, and the other 
diagnoses included intrinsic and met- 
astatic brain tumors, trauma, menin- 


gitis, lateral sinus thrombosis, and 
craniostenosis (Table 4). Follow-up 
was variable, ranging from one week 
to ten years. Preoperative disc pallor 
did not preclude postoperative im- 
provement in visual function in five of 





Table 1.—Preoperative Visual Function * 











Case Diagnosis 


1 Pseudotumor 
cerebri 


Optic nerve 
effusion, 
iliojejunal 
bypass 

3 Basilar artery 
aneurysm 


Acuityt 


NLP, 
5/200 


20/20 








20/20, 
20/50 


20/400 









L subdural 
hematoma, 
optic nerve 
effusions 








L facial and 20/20, CF 
optic nerve 


trauma 


CRVO with 
swollen optic 
nerve sheath 


Bilateral 
temporal lobe 
cysts, nerve 
sheaths 
enlarged 


Empty sella, 
arachnoiditis 









20/200, 
20/20 





20/200 












16/200, 
25/200 


20/400, 
20/200 


20/25, 
20/20 


9 Pseudotumor 
cerebri 


10 R occipital 
intradural 


AVM 


11 L optic nerve 
meningioma 


20/20, 
8/200 


CF, 
20/300 

20/80, 
20/20 


12 Uveal meningeal 
syndrome 


13 Chronic disc 
edema with 
shunt 
vessels OD 
(presumed 
meningioma) 

Chronic disc 
edema OD 
(presumed 
meningioma) 


14 CF, 20/20 


20/30, 
20/20 


Chronic disc 
edema OD 
(presumed 
meningioma) 

20/50, 
20/20 


R optic nerve 
meningioma 





L optic nerve 
sheath cyst 





Central 
scotoma, 
normal 


Central scotoma 


Field Defectt 
Constriction OS 


Constriction 


Nasal defect 


Central scotoma 


Normal, nasal 
defect 


Central scotoma 


Temporal island, 
constriction 
Nasal defect, 
large blind 
spot 
Normal, 
temporal 
island 
Central scotoma 





Constriction, 
normal 


Temporal island, 
normal 


Constriction, 
normal 


Constriction 
normal 





Normal, large 
blind spot/ 
constriction 








Optic Nervet Comment 


Pallor 






Pallor Discussed in Hagg 


et al? 










Chronic edema 









Temporal 
pallor 















Normal, 
hyperemic 














Discussed in Hupp 
et al!? 


Edema, normal 








Discussed in Conn 
et al'4 

















Arachnoiditis 
diagnosed as 
craniotomy 15 y 

previously 


Pallor 
















Chronic edema 







Inoperable AVM 


Chronic edema 







Normal, pallor 
and shunts 






Chronic edema 







Chronic 
edema, 
normal 









Chronic 
edema, 
normal 





Progressive visual 
loss for 
previous 18 mo 







Chronic 
edema, 
normal 







Chronic 
edema, 
normal 









Progressive 
constriction and 
increased 
frequency of 
transient visual 
obscurations for 
previous year; 
discussed in 

Smith et al! 


Normal, 
chronic 
edema 










* CRVO indicates central retinal vein occlusion; AVM, arteriovenous malformation. 
TWhere two findings are listed, the first refers to the right eye and the second to the left. Single findings 
refer to both eyes, unless otherwise indicated. NLP indicates no light perception; CF, counting fingers. 
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six cases reported by Kilpatrick et al,° 
but they also reported return of disc 
edema in three of 14 cases within six 
months to two years. 

In our series, one third of cases 
(seven of 19 eyes) demonstrated 








Postoperative 














1/OS/1 
2/O0S/3 
3/0S/3 


5/200 
20/20 
20/20 


5/200 
20/20 


20/20 Normal 


4/0D/3 20/400 20/400 Central 






















5/0S/2 20/80 20/100 Central 








6/OD/3 20/50 20/200 Central 


CF 
20/25 


9/0S/2 
10/0D/2 


CF 
20/25 





















NLP 
12/0D/2 CF NLP 
12/0S/2 

















20/300 HM 





















13/OD/2 20/70 20/40 


14/0D/4 CF NLP 
15/0D/4 20/50 HM 
16/0D/4 6/200 NLP 
17/0S/4 20/20 20/20 















Normal 


Table 2.— Visual Function Results * 


Case/Eye Acuity Visual Field 
Operated on/ |, ———— ——————À.  —————————————————ÀA 
Surgeon 1 mo Final 1 mo Final Comment 


Constriction 
Constriction 





scotoma 


scotoma, full 
periphery 





scotoma 





7/OD/S3 20/200 20/200 Central 
scotoma 
8/OD/2 20/80 20/80 Central 
Scotoma 
9/OD/2 CF NLP 


Temporal island NLP 
Constriction 
Nasal defect 





11/0S/2 8/200 Temporal island NLP Progression unchanged 


Constriction 





Constriction 





Expansion 


Temporal island NLP 
Constriction 
Constriction 








improvement in visual function by one 
month. This phenomenon has been 
well documented in chronic papillede- 
ma associated with pseudotumor cere- 
bri, but our eases also included local 
optic nerve disorders, such as menin- 


No change 
No change 


Constriction 
Constriction 


Normal Acuity and nasal field 


improved before 
aneurysm clipped 


Central scotoma No change 















Central Obtained full peripheral 
scotoma, full field 

periphery 
Central scotoma Less venous 
congestion, acuity 
lost to macular 
edema 








Central scotoma No change 


Central scotoma Improved acuity 


Progression unchanged 


Constriction Progression unchanged 











Transient obscuration 
halted, disc edema 
less, progression 
halted 


Nasal defect 


NLP Progression unchanged 


Constriction Progression 
unchanged, 
craniotomy later 
demonstrated 


arachnoid adhesions 






Further 
expansion 


Acuity and peripheral 
vision greatly 

improved 
Progression unchanged 
Constriction Progression unchanged 
NLP 


Normal 


Progression unchanged 












Disc edema resolved, 
transient obscuration 
halted 


* CF indicates counting fingers; NLP, no light perception; HM, hand motions. 


Table 3.—Retrobulbar Optic Nerve Sheath Widths as Determined by Orbital Echography 


Case/Eye 
Operated on 


Preoperative 
Width, mm 


Initial 
Interval 





Subarachnoid 
Fluid 
Reaccumulation 
(Interval, mo) 


Postoperative 
Width, mm 


* This eye was not operated on but showed greater nerve sheath decrease than the patient's eye that was 


operated on. 
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giomas and optic nerve sheath 
cysts.*" Interestingly, our findings 
agree with those of Kilpatrick et al, 
in that the presence of preoperative 
disc pallor does not always correlate 
with a poor postoperative prognosis. 

Optic nerve sheath decompression 
is believed to relieve local factors con- 
tributing to intravaginal fluid accu- 
mulation and disc edema, usually 
without alteration of intracranial 
pressure? Davidson thought that 
the relief of disc swelling was due to 
occlusion of the subarachnoid space 
by fibroblasts, which thereby isolated 
the meninges of the intraorbital optic 
nerve from the intracranial pressure. 
However, there are rare reports? of 
bilateral disc edema resolving after 
unilateral decompression, as was seen 
in our case 10. Our case 7 showed a 
similar situation, with a decrease in 
intravaginal fluid around the nerve 
not operated on, although visual func- 
tion and disc appearance remained 
unchanged in both eyes. The 1.8-mm 
change noted in sheath diameter far 
exceeds the range of echographic test- 
ing error, which is no more than 0.3 
mm.^ We agree with the theory pre- 
sented by Keltner et al" that postu- 
lates the mechanism of sheath decom- 
pression to be the creation of a fistula 
between the meningeal space and the 
orbit. The decrease in intravaginal 
fluid around the nerve not operated on 
may be explained by easy transmittal 
of cerebrospinal fluid pressure be- 
tween intracranial and intraorbital 
meningeal space, due to structural 
variations in the trabecular mesh- 
work connecting intracranial menin- 
geal space to intraorbital meningeal 
space at the optic canals. 

The fate of the newly created fistula 
in the operation is uncertain. Patho- 
logical examination at autopsy of 
opened optic nerve sheaths has been 
reported by Keltner et al" and David- 
son. Keltner et al described a patient 
with a malignant glioblastoma and 
chronic papilledema whose operative 
fistula was open when the nerve was 
examined 39 days after surgery. 
Davidson described a patient with 
cerebellar metastasis whose operative 
fistula was “plugged with fibroblasts” 
after ten days. Reaccumulation of 
intravaginal fluid was detected by 
echography in our cases 5 and 6 at two 
to three months and correlated with 
loss of acuity in both patients. Case 1, 
pseudotumor cerebri, did not have flu- 
id reaccumulation at three months. 
Our experience and the reports by 
Keltner et al" imply that patients 
with pseudotumor cerebri may have a 
greater chance of continued patency 
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Duration 
Before 
Improvement 


No. of 
Cases 


Kaye et al® 


Kilpatrick et al® 


Kushner !8 


Keltner et al!" 


Davies and Zilkha? 


Billson et al! 


Galbraith and Sullivan 


Davidson !8 





Duration 
of 

Follow-up 

Pseudotumor cerebri, 
no change in ICP 

Pseudotumor cerebri, 
bilateral disc 
edema resolved in 
3 unilateral cases 

AVM involving 
Galen's vein 

Glioma, pseudotumor 
cerebri, torula 
meningitis 


4 mo-10 y 


Pseudotumor cerebri, 
bilateral disc 
edema resolved 


Lateral sinus 
thrombosis, 
craniostenosis 

Pseudotumor cerebri 

Head trauma, 
pseudotumor 
cerebri, cerebral 
metastasis 


1-10 mo 


Cerebral metastasis 


*ICP indicates intracranial pressure; AVM, arteriovenous malformation. 


of the fistula, possibly because of 
greater and continuous leakage of 
cerebrospinal fluid. 

Our complications were predomi- 
nantly horizontal motility distur- 
bances and are similar to those previ- 
ously reported, which have included 
horizontal tropias and irregular 
pupils.” Davidson? described one 
patient with cerebellar metastasis 
who lost central vision five days post- 
operatively, even though disc edema 
was resolving. This patient had a stor- 
my course and died of respiratory 
failure ten days postoperatively. 


CONCLUSIONS 


Optic nerve sheath decompression 
may improve visual function in 


patients with progressive visual loss 
associated with accumulation of com- 
pressible fluids in the retro-orbital 
optic nerve sheaths, due either to local 
lesions—such as nerve sheath menin- 
giomas and cysts—or to increased 
intracranial pressure. The surgical 
technique employing the medial orbit- 
al approach has a low operative mor- 
bidity and may also have future appli- 
cation as a relatively safe method of 
access to retrobulbar optic nerve tis- 
sue and fluid for chemical and cyto- 
logic analysis. 
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Clinicopathologic Report 
Edited by W. Richard Green, MD 


Heterotopic Brain Tissue in the Orbit 


Robert B. Wilkins, MD; R. Jeffrey Hofmann, MD; William A. Byrd, MD; Ramon L. Font, MD 


@ A 3-month-old female infant with 
Turner’s syndrome was noted to have 
progressive swelling of the left upper lid 
at the age of 1 month. A computed tomo- 
gram demonstrated a well-circumscribed, 
low-density, homogeneous orbital mass. 
Initially, the main clinical differential diag- 
nosis included dermoid cyst, hemangio- 
ma, and encephalocele. Medial orbitoto- 
my followed by histopathologic examina- 
tion disclosed a cystic choristomatous 
malformation containing brain tissue. No 
choroid plexuses within the mass were 
demonstrated on microscopic examina- 
tion. Aspiration of fluid from the cystic 
mass and subsequent biochemical 
studies unequivocally demonstrated that 
the mass was filled with cerebrospinal 
fluid. Despite five surgical procedures, in- 
cluding two frontal craniotomies, and spe- 
cialized roentgenographic studies, no 
communication could be demonstrated 
between the orbital mass and the central 
nervous system. We postulate that the 
cerebrospinal fluid was produced within 
the orbital mass, which represented 
ectopic brain tissue. Problems in diagno- 
sis and management of this unusual orbit- 
al malformation are discussed. 

(Arch Ophthalmol 1987;105:390-392) 


fo eningoceles and encephaloceles 

are extracranial or extraspinal 
extensions of the brain and meninges 
with direct communication between 
the central nervous system and the 
abnormal mass. These malformations 
are quite uncommon in the orbit. 
However, it is even more uncommon 
to find heterotopic brain tissue within 
the orbit. Herein we report a case of 
ectopic brain tissue within the orbit 
that apparently had produced its own 
cerebrospinal fluid. 
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REPORT OF A CASE 


A 3-month-old female infant was first 
examined because her mother had noticed 
progressive swelling of the left upper lid. 
The infant's medical history disclosed that 
she was the product of a gravida 2, para 1 
woman. The infant had been delivered by 
cesarean section, as her mother's first 
pregnancy also resulted in a cesarean sec- 
tion. Her birth weight was 3.66 kg; the 
immediate postpartum period was un- 
eventful. A diagnosis of Turner's syndrome 
was established based on findings of a 
physical examination and chromosomal 
karyotyping. During the first month after 
birth, the mother noted a progressive 
swelling of the infant's left upper lid. Top- 
ical neosporin was prescribed by the pedia- 
trician, though the condition did not 
improve; the patient was then referred for 
ophthalmologic evaluation. On examina- 
tion, the patient was able to follow hand- 
held objects and light with each eye. Pupil- 
lary responses were brisk and equal, with- 
out evidence of an afferent defect. Ortho- 
phoria was determined by Hirschberg’s 
method. A palpable prominence of the 
superonasal quadrant of the left orbit was 
noted. The medial aspect of the upper lid 
was swollen with a slight bluish discolor- 
ation of the skin. A soft, immobile mass 
extending posteriorly beneath the rim was 
palpable. The mass produced a 2-mm pto- 
sis of the nasal half of the lid, which 
limited levator function. The globe was 
displaced inferotemporally (Fig 1). The 
anterior segment was normal in each eye. 
Retinoscopic examination yielded the fol- 
lowing measurements: —2.00 + 0.50 X 180° 
OD and —4.00 + 0.50 x 180° OS. Fundus- 
copic examination was unremarkable. The 
main differential diagnosis included der- 
moid, encephalocele, infantile hemangio- 
ma, and mucocele. 

Computed tomograms (CTs) of the orbit 
(with and without contrast) showed a large 
cystic mass with a density intermediate 
between that of brain tissue and cerebro- 
spinal fluid. A small, bony defect without 
evidence of erosion was seen in the lamina 
papyracea of the left orbit; no communica- 
tion between the brain and the orbital 
mass was apparent. There was slight 
enhancement of the edges of the cystic 
mass (Fig 2). 

At 4 months of age, the patient under- 
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went medial orbitotomy while under gen- 
eral anesthesia. Exploration disclosed a 
soft, gelatinous mass with no discernable 
capsule. Since dissection of the tumor was 
diffieult because of its consistency and 
limited exposure, multiple biopsy speci- 
mens were sent for frozen section. These 
were reported as "a nonspecific lesion with 
a spindle cell component." Additional biop- 
sy specimens submitted for histologic 
examination demonstrated neuroglial tis- 
sue resembling white matter with laminat- 
ed calcific bodies. No choroid plexuses were 
seen (Fig 3). The pathogenic diagnosis was 
choristomatous malformation of the orbit, 
containing brain tissue. Thus, the differen- 
tial diagnosis, at this time, included 
encephalocele and ectopic brain tissue. 

One week later, the patient underwent 
frontal craniotomy with neurosurgical 
exploration. On fiberoptic loupe examina- 
tion, a small, bony erosion of the superior 
medial wall of the orbit was identified and 
explored. No external dural defect was 
seen. No communication between the brain 
and the cystic orbital mass was evident. 
The bony defect was repaired with pericra- 
nium from the bone flap. A postoperative 
CT showed a persistent cystic mass in the 
orbit with a fluid level but no apparent 
communication with the brain (Fig 4). 

One week postoperatively, the patient 
exhibited gradual resolution of the swell- 
ing and a normal-appearing contour of the 
left orbit. Three weeks later, however, the 
swelling of the left upper lid returned and 
continued to progress. Aspiration of the 
cyst was performed using a 25-gauge nee- 
dle and a 3-mL syringe. One milliliter of 
clear fluid was aspirated and sent for 
chemical examination. Protein electropho- 
resis demonstrated the presence of B,- 
transferrin, which confirmed that the 
aspirated fluid was cerebrospinal fluid. A 
fistula was postulated as the cause of the 
recurrence; therefore, a CT with metrizam- 
ide was obtained. No accumulation of 
metrizamide was found within the mass or 
in the orbital tissues. 

Four months after the initial proce- 
dures, the patient underwent a combined 
neurosurgical/ophthalmological explora- 
tion in an attempt to resect the entire 
mass. The orbit was exposed via a frontal 
craniotomy with removal of the orbital 
roof. Again, no communication between 
the brain and the orbit could be estab- 
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Fig 1.—Infant at age 3 months, displaying ill-defined, soft, fluctuant 
mass, with bluish hue, located in superonasal area of left upper lid. 
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Fig 3.— Sections of orbital mass show numerous fibrillary astrocytes 


and glial cells emmeshed in rich capillary network. Note scattered 
calcific bodies (calcospherules) (hematoxylin-eosin, X220). 


Fig 5.—Computed tomogram taken at 8 months of age, depicting 
recurrent left orbital mass with lateral displacement of eye. Mass 
exhibits similar characteristics to those observed initially (see Fig 1). 
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Fig 2.— Computed tomogram of orbits (with enhancement) disclosing 
well-circumscribed, low-density, homogeneous orbital mass. Localized 
bony defect in ethmoid bone is present (arrowhead). 





Fig 4. —Computed tomogram, taken one week postoperatively, disclos- 
ing persistent cystic mass with distinct fluid level. 





Fig 6.— Clinical appearance of child at 1 year of age discloses some 
fullness with slight ptosis of left upper lid. Needle tract, which followed 
aspiration of clear fluid from orbital mass, is readily visible in-upper 
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lished. An attempt was made to excise the 
entire mass; however, the cyst ruptured 
during dissection in an area adjacent to 
considerable scar tissue. Histopathologic 
examination revealed a cystic mass com- 
posed of glial cells, neurons, and scattered 
caleospherules. Multiple sections failed to 
reveal any choroid plexuses. One week 
postoperatively, the patient was noted to 
have decreased swelling of the lids. A 
postoperative CT, however, showed a resid- 
ual eystie mass in the orbit (Fig 5). 

The patient was followed up for six 
months; no significant change in her exter- 
nal appearance was noted. The patient's 
parents, once again, became aware of 
increased swelling of the left upper lid (Fig 
6). A syringe was used to aspirate clear 
fluid from the cyst. While the needle was 
left in place, a radioisotope was injected 
into the cystic cavity. No radioactivity 
could be detected over the spinal canal or 
intracranial cavity 24 and 48 hours later, 
indicating that there was no communica- 
tion between the lumen of the cyst and the 
cerebrospinal fluid. 

At the age of 13 months (ten months 
after the initial surgical procedure), the 
patient underwent a medial orbitotomy. 
The bulk of the mass was excised; however, 
the tumor extended to the apex of the 
orbit, which prevented excision of its most 
posterior portion. Pathologic examination 
disclosed a cystic mass containing neuro- 
glial tissue, numerous neurons, and occa- 
sional psammomalike bodies. Once again, 
no choroid plexuses were observed. 
Although there is a persistent fullness of 
her left superonasal orbit, the patient has 
done well, without change in her external 
appearance over the following year. A CT 
obtained six months following her last 
surgical procedure displayed a residual 
cystic mass that was largely unchanged in 
comparison with previous roentgeno- 
grams. 


COMMENT 


Heterotopia of brain tissue is 
defined as the occurrence of normal 
neural tissue outside the cranial cavi- 
ty or spinal canal without direct com- 
munication with the central nervous 
system." Ectopic brain tissue within 
the orbit is exceedingly rare. A recent 
review of the literature by Newman et 
al' disclosed that only two cases of 
heterotopic brain tissue within the 
orbit have been reported, although at 
least two additional cases of intraor- 
bital ectopic brain may have been 
reported erroneously as meningoen- 
cephaloceles. 

Our patient had Turner's syndrome. 
We are not aware of any other similar 
cases in which chromosomal studies 
had been performed. 

There is striking similarity between 
this case and the one recently re- 
ported by Newman et al! Both 
involved the left orbit of a female 
infant. In both cases, an intact dura 
mater separated the orbital mass and 


brain, despite a bony defect. Both 
cases demonstrated a persistent 
recurrence of clear fluid filling the 
cystic orbital lesion, despite multiple 
attempts at surgical excision. At- 
tempts to show a communication 
between the clear fluid of the cyst and 
the cerebrospinal fluid were unsuc- 
cessful in both cases. Histopathologic 
examination disclosed the presence of 
neuroglial tissue with numerous lami- 
nated calcific bodies (calcospherules) 
around an irregular cystic cavity. In 
our case, the lining of the cystic cavity 
appeared to be composed of com- 
pressed fibrillary astrocytes and neu- 
ronal cells, while Newman et al 
described a low cuboidal lining struc- 
ture referred to as an "ependymal-like 
layer." Another finding, observed in 
both cases, was the presence of fasci- 
cles of striated muscle fibers inti- 
mately attached to the choristoma- 
tous orbital mass. This finding sug- 
gests that these muscle fibers may 
represent an intrinsic component of 
the lesion and not simply normal 
adjacent striated muscle. 

In our case, an attempt was made to 
more clearly define the nature and 
origin of the fluid within the cyst. 
Despite two different attempts, we 
were unable to demonstrate a commu- 
nication between the fluid in the cys- 
tic mass and the cerebrospinal fluid. 
Likewise, we were unable to demon- 
strate the source of fluid from within 
the mass; no choroid plexus or lepto- 
meninges could be found in any of the 
multiple tissue samples examined his- 
topathologically. An immunochemical 
technique, based on the demonstra- 
tion of an extra band of transferrin, 
confirmed our belief that this fluid 
was indeed cerebrospinal fluid.* This 
B,-transferrin cannot be demonstrat- 
ed in serum, nasal secretions, saliva, 
tears, or peri- and endolymph.? Thus, 
we believe that the fluid was indeed 
cerebrospinal fluid. The origin of this 
cerebrospinal fluid is controversial. 
Based on our histopathologic studies, 
in particular the absence of a choroid 
plexus within the mass, the fluid 
would appear to be exogenous. Howev- 
er, two neurosurgical explorations, a 
metrizamide study, and a radioisotope 
study failed to detect a leak or com- 
munication between the intraorbital 
mass and the intracranial cerebrospi- 
nal fluid. This observation would sug- 
gest that the fluid was produced with- 
in the mass. 

Several questions regarding the 
management of orbital masses were 
raised in this case. A possibility of 
encephalocele with intracranial conti- 
nuity (as suggested by a bony defect 
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noted on the CT) would usually dictate 
a neurosurgical procedure with initial 
closure of the defect followed by an 
extracranial procedure.?*?? Computed 
radiographic reconstruction failed to 
demonstrate any communication be- 
tween the mass and the brain, despite 
the bony defect. This led us to believe 
that the mass was most likely a der- 
moid cyst, and we therefore per- 
formed a medial orbitotomy as the 
initial surgical approach. As soon as 
surgical exploration demonstrated 
that this mass was not a dermoid cyst, 
and in fact resembled brain tissue, the 
incision was closed and neurosurgical 
consultation was obtained. 

Long-term management of these 
patients is most difficult. While the 
lesion is clearly a benign choristoma- 
tous malformation of the orbit, its 
persistent recurrence as a fluid-filled 
cystic mass expanding within the 
orbit causes facial disfigurement and 
may threaten vision. These lesions 
reportedly do not respond to radiation 
therapy.*"? While our patient is 
doing well one year after her last 
surgical procedure, we believe that 
close ophthalmologic follow-up exam- 
ination is warranted. 


This study was supported in part by grants 
from the Retina Research Foundation and the 
Lions Eye Bank, Houston. 
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mportant new titles 
of interest to every 


ophthalmologist... 


CUTANEOUS 
ABNORMALITIES 
OF THE 
EYELID 
AND FACE: 


An Atlas with 
Histopcthology 
Editors: 

Don G. Griffith, M.D. 


Stuart J. Salasche, M.D. 
Donald E. Clemons, M.D. 


Combing outstanding illustrations with lucid com- 
mentary CUTANEOUS ABNORMALITIES OF THE 
EYELID AXD FACE: AN ATLAS WITH HISTO- 








PATHOLOGY is a thorough. vet readily accessible full- 


color text atasof dermal lesions affecting the evelid. 
This comprehensive pictorial reference features nearly 
700 detail-revealing illustrations — including full-color 
photographs decumenting the clinical appearance of a 
wide range of cutaneous abnormalities supplemented 
by histology protomicrogruphs. This collection of su- 
perb photograghs — closely integrated with succinct de- 
scriptions oF conical and histopathologic characteristics 
— facilitatesde ferential diagnosis and management ol 
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skin lesionseofithe evelids and face 


For each of more than 200 conditions. the contrib- 


ulors systematically identify. describe and illustrate crit- 


ical distinguasfing characteristics. Separate sections, 
visually high lechted for ease of reference. cover * 
climeal uppeumnce and manifestations * diagnosis (bi- 
opsy and micrescopie analysis). basic pathophysiology, 
and surgicakand medical treatment * histopathologic 
analysis. Or faving pages — caretully keved to these 
discussions — are full-color photographs of each entity. 
along with repeesentative histology photomicrographs. 

Reviewedgnzletail are * multisvstem processes in- 
volving the eyelids * lacrimal drainage system abnor- 
malities *TocaLand toxic insulls * parasitic infections 
e fungal discases * bacterial precesses * viral conditions 
* mesoderm. processes * and ectodermal tumors. In 
addition, Manycutaneous markers of systemic disease 
are highlightedato aid clinicians in detecting occult or 
sometimes confusing diseases. Also of interest: intro- 
ductory chaptess reviewing thebasie anatomy and 
histology of the evelid. 

Methodieall: organized andabundantly illustrated. 
CUTANEOLS ABNORMALITIES OF THE EYELID 
AND FACE: A ATLAS WITH HISTOPATHOLOGY 











Is the definitive work on dermal lesions of the evelids 
and facial region. This landmark text is an essential tool 
in the systematic and accurate identification of cutane- 
ous evelid lesions and their effective management. 
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Ira A. Abrahamson, M.D. 


Recent advances in cataract surgery have dramat- 
ically improved the ability of ophthalmologists to suc- 
cessfully treat the cataract patient. Edited by Tra A 
Abrahamson. CATARACT SURGERY succinctly 
describes the latest surgical techniques and the most 
up-to-date procedures including operations such as the 
"Planned Extracapsular Cataract Extraction? 

Dr. Abrahamson has assembled an outstanding group 
of cataract surgeons Who share thir own preferred tech- 
niques. Ideas and methods of managing the cataract pa- 
tient, and discuss the newest equipment and materials 
available. Amene the rapid advancements that they 
explore dre — 

e [ntracapsular versus extracapsular extraction 

e Anterior chamber. posterior chamber. and 

secondary intraocular lenses 

e Current management of postoperative 

complications 

e The Neodymium: YAG Laser 

CATARACT SURGERY i5 organized into four parts 
art 1. Evaluation and Preparation for Surgery, includes 
four chapters on such topies as Patient Prep and Intra- 
ocular Lens Power Calculation. Part IH. Surgical Tech- 
niques. provides eight chapters on the latest operative 
procedures and techniques such as the Triple Pro- 
cedures, Part HI. Prevention and Management of Com- 
plications. includes six chapters that discuss methods of 
avoiding and anticipating problems. Part IV. Special 
Topics. includes four chapters that discusses such topics 
as the Computer Analysis of IOL Implantation Results 
and the Intraocular Lenses of the Future. 
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Additional examples of the rapid advancements in 
visual correction included in this volume are. the 
extended wear soft contact lens. the use of viscoelastic 
materials. and the new expansile lens materials and lens 
substitutes that are in development. Other innovative 
topics include the correction of aphakia by corneal sur- 
gery and the soon-to-be available chemotherapeutic 
agents for the prevention of secondary membranes. 

Supplemented by more than 100 illustrations, CATA- 
RACT SURGERY provides the most authoritative and 
most up-to-date information on the state-of-the-art. 
With the exciting improvements evolving so rapidly, 
CATARACT SURGERY is an invaluable aid for the 
ophthalmologist who wishes to refine and improve his 
surgical technique. 
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Selection of Therapeutic Agents 


for Intraocular Proliferative Disease 


II. Differing Antiproliferative Activity of the Fluoropyrimidines 


Mark S. Blumenkranz, MD; Michael K. Hartzer, PhD; Anthony S. Hajek, PhD 


e We confirm the potent antiprolifera- 
tive effects of the fluoropyrimidines on 
cellular proliferation in vitro in three dif- 
ferent nonmalignant cell types. All fluoro- 
pyrimidines tested, except for fluorocyto- 
sine, decrease proliferation of human der- 
mal fibroblasts, bovine aortic vascular 
endothelial cells, and human retinal pig- 
ment epithelial cells in vitro. Fluorouri- 
dine, an intracellular metabolite of fluoro- 
uracil, is nearly 100-fold more potent than 
fluorouracil and its deoxymetabolite. 
Human dermal fibroblasts are more sensi- 
tive to the inhibitory effects of deoxyme- 
tabolites than the cells of either human 
retinal pigment epithelium or bovine aor- 
tic vascular endothelium. Fluorouridine 
and other fluoropyrimidines may prove to 
be valuable second-generation drugs in 
the treatment of intraocular proliferative 
disorders. 

(Arch Ophthalmol 1987;105:396-399) 
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Since it was first proposed as an 
adjunct in the treatment of prolif- 
erative vitreoretinopathy,'’ fluoro- 
uracil has been used in the surgical 
treatment of refractory human glau- 
coma,** experimental neoplasms,’ pro- 
liferative lens capsular opacification,’ 
and cicatrizing disorders of the 
extraocular muscles (John Flynn, MD, 
oral communication, April 1985). We 
selected fluorouracil as an intraocular 
antiproliferative agent because it 
inhibits dermal and conjunctival 
fibroblast growth in vitro’? and has 
limited toxicity following intravitreal 
injection compared with other potent 
antimetabolites.'? Other reports have 
described the pharmacokinetics and 
distribution of fluorouracil after topi- 
cal, conjunctival, or intravitreal injec- 
tion and have confirmed its relative 
lack of toxicity by these routes.*!°!" 
Fluorouracil is thought to reduce 
proliferation of malignant cells by 
irreversibly inhibiting thymidylate 
synthetase, which reduces intracellu- 
lar pools of thymidine available for 
incorporation into DNA. Although 
fluorouracil is not incorporated into 
DNA, its metabolites may be incorpo- 
rated into RNA and thus contribute to 
its antiproliferative effect." Limited 
information is available on the mech- 
anism of action of fluorouracil and the 
efficacy of its metabolites on nonma- 
lignant and ocular cells in culture.*? 
Demonstration of the differential sen- 
sitivity of ocular cells to fluoropyrim- 
idine derivatives would facilitate the 
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identification of new drugs with 
greater specificity for target tissues 
and less toxicity to neighboring 
structures. We herein report further 
studies on the effects of fluoropyrim- 
idines on cultured cells.* 


MATERIALS AND METHODS 


The following fluoropyrimidines were 
tested for their ability to inhib t prolifera- 
tion of cells in culture: fluorouracil, fluoro- 
uridine, floxuridine, and fluorocytosine. 
Their effects were compared with those of 
three commercially available purine and 
pyrimidine antimetabolites currently used 
for the treatment of ocular herpes simplex 
infection: idoxuridine, vidarabiae, and acy- 
clovir. 

These agents were tested against the 
following cultured cells under similar con- 
ditions: human dermal fibroblasts (HDFs), 
human retinal pigment epithe ial (HRPE) 
cells, and bovine aortic vascular endotheli- 
al (BVE) cells. Fibroblasts were obtained 
from biopsy specimens plated as explants 
on 60-mm plastic tissue-culture dishes. 
Explants were grown in Dulbecco's modi- 
fied Eagles medium (DMEM) supple- 
mented with 15% fetal calf serum, penicil- 
lin G potassium (100 U/mL), ssreptomycin 
sulfate (100 mg/mL), and amphotericin B 
(1.25 mg/mL). After significant cellular 
outgrowth had occurred, cells were serially 
subcultured at a split ratio of 1:3. 

The HRPE cells were obtained post mor- 
tem from eye bank donor eyes and pro- 
cessed according to the method of Flood 
and coauthors.’ Briefly, the anterior 4-mm 
calotte is removed by a circumferential 
incision, and the vitreous humor is 
mechanically removed. Following brief 
treatment with trypsin, the meural retina 
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Drug HDF 


Fiuerocytosine > 1000 


Vidarabine 
Acyclovir 


12.18 
68.87 


Goncentration of Drug Needed to Produce 50% Inhibition of Cellular Proliferation * 


ee c N 


Fiuerouracil 0.35 0.39 0.71 
Floxuridine 0.19 3.08 4.08 
Fiuerouridine 0.0047 0.0039 0.0032 


Idoxuridine 4.73 18.08 0.78 








Concentration, mg/L 


HRPE BVE 


> 1000 


> 1000 


3.44 3.63 
> 200 53.46 





* HDF indicates human dermal fibroblasts; HRPE, human retinal pigment epithelial cells; and BVE, bovine 
aortic vascular endothelial cells. 


is mechanically removed. The eye cup is 
then treated with 0.25% trypsin and 0.2% 
edetie acid for ten minutes, and the HRPE 
cells are loosened by gentle trituration. 
Cells are pelleted, resuspended in DMEM 
with 15% fetal calf serum and antibiotics, 
and subcultured biweekly. 

The HDFs (1.25 X 10* cells/well) and the 
BVE 2.5X10* cells/well) and HRPE 
(2.5 X TO0* cells/well) cells were seeded into 
a 24-well tissue-cluster plate in a volume of 
1 mL c? complete DMEM (1.5% fetal calf 
serum and antibiotics). One day after 
attachment, the medium was replaced with 
fresh complete medium or complete medi- 
um containing the test drug (0.1 to 1 mg/ 
mL). The cells were monitored daily by 
inverted phase microscopy and then enzy- 
matically detached and quantitated using 
a Couler counter. All experiments were 
performed in quadruplicate. The number 
of cells in four wells was averaged and 
compared with that of the appropriate 
control wells. The percentage of control 
growth was determined as the average 
number of cells in the test wells divided by 
the average number of cells in the control 
wells fer each drug concentration or cell 
type, tke quantity of which is multiplied by 
100. This percentage was plotted linearly 
on the erdinate, while the drug concentra- 
tion corresponding to each experimental 
point was plotted logarithmically on the 
abscissa. The resulting data were replotted 
as either a linear, polynomial, or exponen- 
tial equation for best fit using a microcom- 
puter. The resulting equation was then 
used to calculate the concentration of drug 
required to produce 50% inhibition of cel- 
lular proliferation in vitro (ID.,) for each 
cell type and drug. These values are 
expressed in milligrams per liter in the 
Table. Each value represents the mean of 
at least two separate experiments using 
two gemerations of the same cell line. In 
each experiment, all drugs were tested on 
the same generation of each cell line to 
minimize variations resulting from 
changes in cellular characteristics follow- 
ing mukiple passages. 


RESULTS 


A typical set of experiments is rep- 
resented in Fig 1, which compares the 
effects of different fluoropyrimidine 
analogues on the same cell line 
(HRPE). The ID, for fluorouracil 
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(0.35 mg/L) can be graphically calcu- 
lated by determining the point on the 
abscissa that corresponds to the 50% 
point on the ordinate. As seen in Fig 1, 
equal concentrations of different 
drugs produce different degrees of 
inhibition. Fluorouridine is most 
potent, fluorouracil is of intermediate 
efficacy, and floxuridine is somewhat 
less effective on an equal-weight 
basis. Fluorocytosine has no inhibito- 
ry effect on cellular proliferation in 
vitro. 

Figure 2 represents the effect of a 
single drug (floxuridine) on three dif- 
ferent cell types (HDF, HRPE, and 
BVE). As can be appreciated from Fig 
1 and the Table, the respective IDs 
values of floxuridine and fluorouracil 
for HDFs are quite comparable. In 
contrast, both HRPE and BVE cells 
are considerably more resistant to the 
effects of this drug, although prolifer- 
ation is finally inhibited at high con- 
centrations. 

The results of these drug tests are 
summarized in the Table, in which a 
unique ID,, for each drug and cell- 
type test is given. As seen in this 
format, the ID; of fluorouracil 
remains relatively constant for all cell 
types tested, ranging from 0.35 mg/L 
for HDFs to 0.71 mg/L for BVE cells. 
In contrast, both HRPE and BVE cells 
are more resistant to the antiprolifer- 
ative effects of other substituted fluo- 
ropyrimidines than are dermal fibro- 
blasts. Despite these relative differ- 
ences in cell sensitivity, fluorouracil, a 
substituted pyrimidine base, general- 
ly demonstrates intermediate efficacy 
between the more potent ribonucleo- 
side and the less effective deoxyribo- 
nucleoside. 


COMMENT 


Further elucidation of the mecha- 
nism of action of intraocular antipro- 
liferative agents should permit more 
rational drug selection and dosing. 
Cell-specifie differences in drug 
action should increase the prospects 
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Fig 1.—Effects of treatment with four fluoro- 
pyrimidines on human retinal pigment epitheli- 
al cells in culture: fluorocytosine (open cir- 
cles), fluorouridine (open triangles), fluoroura- 
cil (solid triangles), and floxuridine (solid cir- 
cles). Cells were treated for three days at drug 
concentrations of 1.0 ng/mL to 100 mg/mL 
and quantitated by Coulter counter. Percent- 
age of control growth was determined by 
comparing growth in untreated control wells 
with that in drug-treated wells. Each point 
represents mean of two experiments per- 
formed in quadruplicate; bars indicate SEM. 
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Fig 2.—Effects of treatment with floxuridine 
(FUDR) on three cell lines: human retinal 
pigment epithelial cells (open circles), human 
dermal fibroblasts (solid circles), and bovine 
vascular endothelial cells (triangles). Cells 
were treated for three days at drug concentra- 
tions of 10 ng/mL to 100 mg/mL and quanti- 
tated using Coulter counter. Growth in drug- 
treated wells was compared with that in 
untreated control wells. Each point represents 
mean of two experiments performed in qua- 
druplicate; bars indicate SEM. 


for identifying highly specific drugs 
with reduced toxicity for nontargeted 
tissues.^? For example, the deoxyri- 
bose derivative of fluorouracil inhib- 
its thymidylate synthetase and, con- 
sequently, DNA synthesis preferen- 
tially (Fig 3).^'* The derivative also 
demonstrates proportionally greater 
inhibitory effects on proliferating 
HDFs than on either HRPE or BVE 
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Fig 3.—Metabolic pathways of fluorinated pyrimidines. Fluorouracil (5-FU) may be converted to 5-fluoro-2’ deoxyuridine 
monophosphate (5-FUDRP) (upper pathway) that inhibits thymidylate synthetase. Resultant lack of intracellular deoxythymi- 
dylate for incorporation into DNA leads to ''thymidineless death’’ of cells. Fluorouracil may also be converted into 
fluorouridine (5-FUR) (lower pathway). Its corresponding ribonucleotides are incorporated into RNA but not into DNA. The 
antimetabolite methotrexate indirectly blocks thymidine production by inhibiting regeneration of 5N, 10N-methylene 
tetrahydrofolate, which is required by thymidylate synthetase. 5-FUDR indicates floxuridine; NADPH, nicotinamide adenine 
dinucleotide phosphate (reduced); NADP, nicotinamide adenine dinucleotide phosphate; 5-FURP, 5-fluorouridine monophos- 
phate; 5-FURDP, 5-fluorouridine diphosphate; and 5-FURTP, 5-fluorouridine triphosphate. 


cells, whereas fluorouracil and fluoro- 
uridine do not. These observed varia- 
tions in sensitivity to fluoropyrimi- 
dine treatment probably reflect dif- 
ferences in pyrimidine metabolic 
pathways in the three cell types tested 
and possibly differential rates of cel- 
lular uptake. This finding supports 
the use of deoxyribose derivatives of 
the fluoropyrimidines when inhibito- 
ry effects on fibroblasts, but not on 
BVE or HRPE cells, are desired. In 
contrast, idoxuridine is six times more 


effective against proliferating BVE 
cells than HDFs, and more than 20 
times more effective against BVE 
cells than HRPE cells, based on its 
ID, for those cells (Table). 

Fenselau et al? have reported the 
antiproliferative effect of floxuridine 
on cultured vascular endothelial cells 
and have speculated that de novo 
pyrimidine synthesis may be a rate- 
limiting step in vascular endothelial 
cell proliferation. In our study, both 
BVE and HRPE cells were actually 


398 Arch Ophthalmol— Vol 105, March 1987 


relatively more resistant to the effects 
of the deoxyribose derivative than 
were HDFs. Substitution of iodine for 
fluorine at the No. 5 position of the 
pyrimidine nucleoside ring converts 
floxuridine to idoxuridine, resulting 
in a 25-fold increase in the ID. for 
HDFs, nearly a sixfold increase in the 
ID,, for HRPE cells, and a fivefold 
decrease in the ID,, for BVE cells. As 
might be predicted, acyclovir, a purine 
antimetabolite with more limited 
clinical toxicity than idoxuridine or 
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vidarabine, had a correspondingly 
higher ID. for all cell types tested. 
Our results clearly show that in all 
cell types tested, fluorouridine is more 
effective than either fluorouracil or 
floxuridine as an inhibitor of cellular 
proliseration. This finding might be 
partially explained by differences in 
therzte of cellular uptake of the three 
drugs. Ehrlich ascites tumor cells 
incorporate fluorouridine four times 
faster than fluorouracil and six times 
faster than floxuridine.* The in- 
creased potency of fluorouridine is 
also due to the formation of 5-fluoro 
nuclestides and their subsequent 
incor»oration into various cellular 
RNA species. Incorporation into mes- 
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senger RNA leads to point mutations 
and variation in the rate of transla- 
tion.^ Fluoropyrimidine treatment 
also affects processing and matura- 
tion of ribosomal RNA.*’ Incorpora- 
tion of 5-fluoro nucleotides into RNA 
and its subsequent degradation can 
provide a slow-release source of 5- 
fluoro-2’ deoxyuridine monopho- 
sphate that may be converted into 
5-fluoro-2’ deoxyuridine diphosphate 
and prolong the inhibition of thymi- 
dylate synthetase. Fluorouridine 
also interferes with basic cellular pro- 
cesses important to the fibroprolifer- 
ative response, including cellular con- 
tractility and synthesis and secretion 
of extracellular matrix compo- 
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nents.” The ability of fluorouridine - 


in nanogram quantities to substan- 
tially decrease cellular proliferation 
suggests that this drug could prove to 
be more effective clinically than fluo- 
rouracil, provided it is well tolerated 
by periocular or intraocular injection 
and exhibits favorable pharmacoki- 
netic features. 
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Multivesicular Liposomes 


Sustained Release of the Antimetabolite Cytarabine in the Eye 


Kerry K. Assil, MD, Robert N. Weinreb, MD 


e We entrapped the antimetabolite 
cytarabine hydrochloride in a multivesicu- 
lar liposome for sustained drug delivery to 
the eye. The in vitro half-life of cytarabine 
release from these liposomes was 359 
hours. Following subconjunctival adminis- 
tration of 6 mg of cytarabine to 12 rab- 
bits, the tissue half-life of drug at the 
injection site was 52.5 hours in the six 
rabbits treated with liposomes compared 
with 0.2 hours in the six nonliposome 
controls treated with the same amount of 
drug in normal saline solution. The aque- 
ous humor drug concentration peaked 
after 1.5 hours in both the experimental 
(0.4 mg/L) and control (19 mg/L) groups. 
In control eyes, the cytarabine level of 
both the tissue and aqueous humor had 
decreased to less than 1% of peak value 
by eight hours. In the liposome-treated 
eyes, almost 30% of the cytarabine 
remained in the conjunctiva and episcle- 
ral tissue after 72 hours. The difference in 
cytarabine levels in tissue between the 
liposome-treated group and controls was 
highly significant. By controlling the rate 
of drug release, it may be possible to 
reduce the ocular toxicity and increase 
the efficacy of this drug for treating ocu- 
lar proliferative disorders. 

(Arch Ophthalmol 1987;105:400-403) 


Qubconjunctival injections of the 
antimetabolite fluorouracil have 
recently been employed as adjunctive 
treatment in glaucomatous eyes with 
a poor prognosis that are undergoing 
filtering surgery.? After initiating 
treatment at the completion of sur- 
gery, it has been recommended that 
the fluorouracil be administered once 
or twice daily for two weeks. Unfortu- 
nately, this treatment is uncomfort- 
able and may be complicated by 
wound leaks and toxicity to the corne- 
al epithelium.'? In addition, it is 
inconvenient for the patient to be 
examined and treated so frequently. 
Formulating an antimetabolite for 
sustained delivery to the eye would 
reduce the frequency of injections and 
might reduce its toxicity. 

Liposomes are synthetic biologic- 
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membranelike vesicles. Generally, 
they are composed of either a single, 
bilayered lipid membrane surround- 
ing an aqueous droplet (unilamellar 
liposome) or a series of concentric 
lipid bilayers alternating with aque- 
ous compartments (multilamellar li- 
posomes). Liposomes have been inves- 
tigated as models of biologic mem- 
branes and as potential drug delivery 
systems in many different settings." 

In the current study, we report the 
formulation and pharmacokineties of 
a multivesicular liposome in which 
the antimetabolite cytarabine hydro- 
chloride was entrapped. This antime- 
tabolite has been used previously to 
safely treat herpetic keratitis in 
humans.” We chose to study cytara- 
bine because it is a more potent inhib- 
itor of fibroblast proliferation than 
fluorouracil! and, therefore, might 
have potential as adjunctive treat- 
ment with filtering surgery. 


MATERIALS AND METHODS 
Liposome Synthesis 


Liposomes were prepared by modifying 
the methods of Kim et al.? Seven and one 
half milligrams of dioleyl phosphatidyl- 
choline, 1.5 mg of dimyristoyl phosphatidyl 
glycerol, 1.68 mg of triolein, and 5.81 mg of 
cholesterol were dissolved in 1 mL of chlo- 
roform. A 100-mmol/L solution of tritium- 
labeled cytarabine hydrochloride at pH 1.3 
was prepared by mixing unlabeled drug 
with 5,6-tritiated cytarabine (specific 
activity, 20 Ci/mmol) in distilled water to 
achieve radioactivity of approximately 
3.8 X 10’ epm per 24 mg/mL of solution. 
One milliliter of this solution was added 
dropwise to a vial containing the 1 mL of 
chloroform-lipid mixture. The vial was 
tightly sealed and vortex mixed for ten 
minutes. Floating in a pool of chloroform 
and excess lipids, spherules of water drop- 
lets coated with a lipid monolayer were 
produced. Next, 1 mL of this mixture was 
added rapidly to each of two vials contain- 
ing 2.5 mL of 240 mmol/L of glucose. The 
new suspension was vortex mixed for 5s. 
The resulting liposomes were then dried in 
a flask containing 250 mmol/L of lysine by 
passing nitrogen over them at 8 L/min 
until no detectable chloroform remained, 
and for an additional two minutes thereaf- 
ter. The mixture was then centrifuged at 
500 g for ten minutes. To remove free drug, 
the supernatant was withdrawn and the 
liposomes were resuspended in phosphate- 
buffered saline solution (PBS) and recen- 
trifuged. This procedure was repeated five 
times. The final extraliposomal pH was 
6.5. 
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In Vitro Studies 

In vitro studies were performed to deter- 
mine the efficiency of drug entrapment by 
the liposomes, their absolute drug content, 
the rate of drug release, and the percent of 
drug within liposomes in the final injecta- 
ble paste. 

Entrapment was determined by measur- 
ing the concentration of cytarabine in 
known volumes of liposomes, supernatant, 
and washings. The amount of drug 
entrapped within the liposomes was then 
divided by the total amount of drug in all 
three compartments. Drug concentrations 
were determined using high-pressure liq- 
uid chromatography (HPLC). Drug entrap- 
ment efficacy was defined as the percent of 
total drug that was entrapped by the lipo- 
somes. 

The drug-release studies were per- 
formed in triplicate at 37°C with the lipo- 
somes suspended in PBS within a 30-mL 
syringe mounted on a revolving rotor. At 
designated time intervals, 3-mL aliquots 
were drawn off and centrifuged. The super- 
natant was then withdrawn. Next, the pel- 
leted liposomes were disrupted by freezing 
and resuspension in 1 mL of distilled 
water. Drug concentration was then deter- 
mined by HPLC. 


HPLC System 


For the HPLC analysis, we used a 5000- 
A solvent-delivery pump, sample injector, 
dual-wavelength detector operated at 254 
nm, automated gradient controller, re- 
versed-phase U Bondapak C;, column, and 
a 3390-A reporting integrator. The eluent 
was 50 mmol/L of potassium dihydrogen 
phosphate (pH, 4.50 to 4.70). We used a 
flow rate of 2.0 mL/min and set the system 
at 0.1 absorbance units full scale. In previ- 
ous studies, we found an elution time of 
5.34 minutes without interfering spikes in 
20-uL samples of PBS spiked with 20 to 100 
um of cytarabine. 


In Vivo Studies 


Twelve male New Zealand white rabbits 
(weight, 2.5 to 3.0 kg) were divided into two 
groups of six animals each. Eyes were 
anesthetized with topically administered 
0.595 proparacaine before subconjunctival 
injection. In the liposome-treated group, 
0.25 mL of liposome suspension containing 
9.6 X 10°-cpm tritiated cytarabine (6.1 mg) 
was injected subconjunctivally in the supe- 
rior nasal quadrant of the right eye of each 
rabbit. The same amount of cytarabine 
was placed in solution with sterile saline 
solution and administered subcenjuncti- 
vally to the right eye of the rabbits in the 
control group. At time intervals of 0.75, 1.5, 
8, 24, 48, and 72 hours, aqueous humor was 
obtained from both the injected and con- 
tralateral eye of one rabbit in each group 
by paracentesis 180° from the site of injec- 
tion. These rabbits were then killed and 
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conjunetival and 2piscleral tissue was 
excised from the superonasal region of 
both eyes. Aqueous humor and tissue sam- 
ples were stored at —70°C. 


Counting 


Twe hundred-microliter aliquots of 
aqueous humor were added to vials con- 
taining 10 mL of fluorosol and counted for 
100 minutes in a j-scintillation counter. 
Radiation levels were measured for both 
the imeeted and cortralateral eye of each 
rabbit Contralateral levels served as an 
internal control, reflecting accumulating 
body drug and metabolite levels. Relative 
aqueous drug concentration was deter- 
minedeatter subtracting the radiation level 
of eontralateral eye from that of the 
injected eye. The szmples of conjunctiva 
and Tenon's capsule were placed into scin- 
tillatien vials contaming 20 mL of fluoro- 
sol that both disselved the tissue and 
served as a scintillant. This mixture was 
dilutec tenfold with fluorosol and counted 
for 100 minutes. Using this technique, 
there was no quenchmg of label. The lower 
limit cf sensitivity ‘or the assay was 20 
ng/mL. 

The periocular dreg levels in liposome- 
treated and control eyes were compared 
using a Wilcoxon's ene-sample test. A P 
value of .95 as considered significant. The 
changesr the amountof drug in tissue over 
time was analyzed using log-linear least- 
square regression. 

RESULTS 
In Vitro Studies 


By lizat microscepy, these multive- 
sicular liposomes were between 10 and 
100 um in diameter They were visible 
without magnification and their 
refractile nature erhanced their visu- 
alizatiom (Fig 1). Tae cytarabine con- 
centration within tnese liposomes, as 
determined by HPLC, was 100 mmol/ 
L with greater than 50% capture of 
cytarabine from the original solution. 
The haif-ife of in vitro release was 
359 hours (Fig 2). More than 99.9% of 
the cytarabine in the injected paste 
was encapsulated within liposomes 
with 2 negligible amount of free 
drug. 


In Vivo Studies 


The tissue half-life of the cytara- 
bine was determined by assaying for 
the amount remaining in the conjunc- 
tival and episcleral tissue at the injec- 
tion site. For liposeme-treated eyes, 
the  haE-life was 52.5 hours 
(Ka = 0.0132; r = 0.97), and for nonli- 
posome centrol eyes it was 0.2 hours 
(K. =3.8% r=0.91 over the first 
three hours, with negligible levels 
thereafter. In contro: eyes, the cytara- 
bine level of both the tissue and aque- 
ous humor had decreased to less than 
1% of peak value by eight hours (Figs 
3 and 4). [n the liposeme-treated eyes, 
almost 30% of the cytarabine re- 
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Fig 1.—Phase-contrast light micrograph of cytarabine-containing 
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Fig 2.—Cytarabine remaining within liposomes when suspended in phosphate-buffered saline 
solution at 37°C. Each time point represents mean + SD (n = 3). 


mained in the conjunctiva and epi- 
scleral tissue after 72 hours (Fig 3). 
The difference in cytarabine tissue 
levels between the liposome-treated 
group and controls was highly signifi- 
cant (P = .036; Wilcoxon's one-sample 
test). The aqueous humor drug con- 
centration peaked after 1.5 hours in 
both the experimental (0.4 mg/L) and 
control (19 mg/L) groups (Fig 4). 


COMMENT 
Suppression of both fibrocellular 


proliferation and subsequent contrac- 
tion is essential for the effective 
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treatment of ocular proliferative dis- 
orders. The possibility of pharmaco- 
logically suppressing these basic bio- 
logic processes has provided the ratio- 
nale for using antimetabolites and 
other antineoplastic agents to treat 
proliferative vitreoretinopathy'^? and 
as an adjunctive treatment following 
filtering surgery in glaucoma.'? 
Fluorouracil is an antimetabolite 
that has been investigated for the 
treatment of experimental ocular pro- 
liferative disorders," and as an 
adjunctive treatment with filtering 
surgery in glaucomatous human eyes 
with poor prognosis.'? In a pilot study, 
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Fig 3.— There was highly significant differ- 
ence in cytarabine levels in episcleral tissue 
between liposome-treated group (exes) and 
controls (circles) (P = .036). After 48 hours, 
cytarabine levels were increased 10 000-fold 

in episcleral tissue of liposome-treated eyes 
compared with nonliposome controls. Each 
point represents single sample. 


3 to 5 mg of fluorouracil was adminis- 

tered subconjunctivally at the comple- 
| tion of surgery. Additional fluoroura- 
¿i . eil was then injected subconjunctival- 
ly once or twice daily for two weeks. 
Although intraocular pressure was 
controlled after one year in as many 
as 80% of treated eyes,’ the need for 
frequent subconjunctival drug admin- 
istration was associated with corneal 
toxicity and was inconvenient to both 
patient and physician. An ocular 
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-_ drug-delivery system that can reduce 
the frequency of injections is clearly 
= desirable. 

* Devices such as micropumps have 
- been employed widely throughout the 
E body for sustained drug delivery. 
-— A Because they are uncomfortable and 
difficult to retain, they have not 
k: . . ° 

a achieved widespread use in the human 


eye. A readily available inert sub- 
stance that gradually releases drug 
into the eye and is metabolized slowly 
without toxicity would offer an excel- 
lent alternative for drug delivery. 

. The multivesicular liposomes we 
employed in our investigation have 
many of these desired properties. 
They combine several features of con- 
ventional liposomes, which are re- 

~ ferred to commonly as unilamellar 

and multilamellar liposomes. While 
the unilamellar liposome is a single 
lipid bilayer containing an aqueous 
droplet, and the multilamellar lipo- 
some is a series of concentric bilayers 
= with a thin aqueous phase inter- 

.  spersed between each bilayer, the 

E. multivesicular liposome consists of a 

-cluster of thousands of monolayered 

- vesicles, each containing an aqueous 

_ droplet and all contained within an 

b outer lipid monolayer. In common 

= with multilamellar liposomes, drug 
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Fig 4.—Concentrations of cytarabine in aque- 
ous humor of liposome-treated (exes) and 
control eyes (circles). Cytarabine level in 
aqueous humor remained above median inhib- 
itory dose (60 ng/mL) eight times longer in 
liposome-treated eyes, and peak aqueous 
concentration (0.4 mg/L) was reduced com- 
pared with control eyes (19 mg/L). Each point 
represents single sample. 


transit time is prolonged from the 
multivesicular liposome, since the 
entrapped drug must cross many 
membranes before escaping. Multive- 
sicular liposomes also entrap a large 
amount of drug, a characteristic 
shared with unilamellar liposomes. 
The large size of the multivesicular 
liposomes, which were visible without 
magnifieation, is unique. This may 
prevent rapid dispersion or resorption 
from the injection site. In addition, 
these liposomes are readily synthe- 
sized and can be concentrated by cen- 
trifugation into a pure paste to maxi- 
mize the amount of drug delivered 
with each injection. 

In the present study, we have dem- 
onstrated that the  multivesicular 
liposome provided sustained delivery 
of the antimetabolite cytarabine to 
the New Zealand white rabbit eye 
following subconjunctival injection. 
Cytarabine may be a more desirable 
drug for sustained delivery than fluo- 
rouracil because it is a potent inhibi- 
tor of fibroblast proliferation." For 
example, Mallick et al" have reported 
that the potency of cytarabine is ten 
times greater than that of fluoroura- 
cil, as determined by growth inhibi- 
tion of corneal epithelium and con- 
junctival fibroblasts. Entrapping this 
drug in the multivesicular liposome 
may improve treatment results by 
providing sustained therapeutic levels 
of this potent drug. Blumenkranz et 
al? have demonstrated, for example, 
that sustained intravitreal levels of 
fluorouracil resulting from repeated 
subconjunctival injections enhanced 
the antiproliferative effect of that 
drug in a heterologous dermal fibro- 
blast rabbit model of intraocular 
fibrocellular proliferation. In their 
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study, the rabbits that received both 
subconjunctival injections and a sin- 
gle intravitreal injection had a mark- 
edly lower incidence of tractional reti- 
nal detachments compared with rab- 
bits that received only intravitreal 
treatment. In our study, the liposome- 
treated group demonstrated a 250- 
fold longer half-life for drug release 
than the nonliposome control group. 
We found also a 10 000-fold increase 
in cytarabine levels in the episcleral 
tissue compared with nonliposome 
controls after 48 hours (Fig 3). Fur- 
thermore, the cytarabine level in the 
aqueous humor remained above the 
median inhibitory dose (60 ng/mL) 
eight times longer in the liposome 
group than in the nonliposome con- 
trols (Fig 4). Whereas negligible 
amounts of drug were found at the 
injection site in the control group 
within three hours post-injection, 
greater than 80% of drug still 
remained after three hours and great- 
er than 30% remained after 72 hours 
in the liposome-treated group. 

In addition to the decreased 
requirement for frequent injections, 
sustained drug delivery eliminates 
drug concentration peaks and, hence, 
also may decrease ocular toxicity. It 
has been shown that retinal toxicity 
following a single intravitreal injec- 
tion of fluorouracil in rabbits was 
dose related," ° while  split-dose 
injections did not have associated 
detectable toxicity and stil! inhibited 
fibrocellular proliferation." This 
underscores the potential clinical sig- 
nificance of the 50-fold decrease in the 
peak aqueous cytarabine concentra- 
tion observed in the liposome-treated 
group. 

We were interested in periocular 
tissue concentrations of cytarabine 
because they more accurately reflect 
the amount of residual drug. To inhib- 
it scarring following filtering surgery, 
it is likely that cytarabine-concentra- 
tions within episcleral tissue are more 
important than those in the aqueous 
humor, since this is the site from 
which the fibrolasts believed to be 
responsible for most cases of filter 
closure originate. We assayed for 
cytarabine by measuring levels of 
radioactivity, since Rootman et al" 
have demonstrated previously that 
following subconjunctival adminis- 
tration in rabbits, all radioactivity 
can be aecounted for in the form of 
cytarabine. 

Both cytarabine and fluorouracil 
have had clinical use in human 
eyes.!*!3 The relative lack of toxicity 
of fluorouracil and cytarabine in the 
eye may be explained by their cell- 
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cycle specificity; ie, they interfere 
with the S phase (fluorouracil and 
cytarabine) and the G, phase (fluoro- 
uracil) of the cell cycle, which corre- 
spend with DNA and RNA synthesis, 
respectively. Hence, they are more 
toxic to proliferating than nonprolif- 
erating cells.?^? Since cytarabine is a 
more potent inhibitor of fibroblast 
proliferation than fluorouracil," it is 
more likely to be effective at the low 
drug cencentrations that are achieved 
during release from the liposomes. 
This drug is rapidly metabolized, pri- 
mari:yy in the liver, by the enzyme 
cytidine deaminase, producing the 
inaetve metabolite uridine arabino- 
side. 3esides the liver, cytidine deami- 
nase also has been identified in small- 
er amounts in the kidneys, gastroin- 
testinal mucosa, and granulocytes. 
The relative absence of cytidine deam- 
inasein other tissues, possibly includ- 
ing the eye, may be advantageous for 
localized, sustained delivery of this 
drug because its metabolism would be 
reduced. For example, cytarabine is 
only minimally converted to uridine 
arabimeside when administered di- 
rectly into the cerebrospinal fluid,” 
while intravenous administration re- 
sults in over 80% conversion to uri- 
dine arabinoside within minutes.” 
Proiferative vitreoretinopathy and 
failed filtering surgery are both asso- 
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ciated with the proliferation of cells 
concerned with normal wound re- 
pair.^? This basic biologic response 
can be divided into three phases. The 
first phase (lag phase) is associated 
with acute inflammation and lasts 
two to three days. During the sec- 
ond phase, fibroblasts are trans- 
formed into myofibroblasts that con- 
tract and pull the free edges of the 
wound together. Also, they deposit 
collagen and ground substance within 
the wound over a several-week period. 
The third and final phase (matura- 
tion) lasts as long as six to 12 months. 
Collagen is remodeled within the scar 
during this period.^'^ 

Steroids and prostaglandin inhibi- 
tors are widely employed for inhibi- 
ting ocular inflammation and scar- 
ring. These drugs exert their major 
effects on the acute inflammatory 
phase of wound healing, however, and 
have little influence on subsequent 
phases of fibrocellular proliferation, 
wound contraction, and collagen depo- 
sition. Hence, they only have limited 
effects on scar formation.’ In con- 
trast, antimetabolites have major 
effects on the cellular proliferative 
phase of wound healing. ??*9»'? There- 
fore, we speculate that optimal thera- 
py for the prevention of filter closure 
in glaucoma might include the admin- 
istration of steroids and prostaglandin 
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inhibitors during the first two to three 


days, followed by the administration 
of antimetabolites during the next 
several weeks. The use of colla gen 
cross-linking inhibiting agents such 
as B-amino-proprionitrile or peni- 
cillamine during the period of wound 
maturation also may be of value in the 
prevention of scar formation. 

Entrapping cytarabine in lipo- 
somes, as described in the present 
study, allows sustained delivery of 
this antimetabolite to the eye. Besides 
treating proliferative vitreoretinopa- 
thy and serving as adjunctive treat- 
ment with filtering surgery and 
adjunctive chemotherapy for ocular 
tumors, it may be possible to treat a 
variety of other ocular disorders, 
including viral keratitis, intraocular 
neovascularization, and uveitis with 
liposomes containing either antime- 
tabolites or anti-inflammatory agents. 
However, before one can extrapolate 
these results to the clinical setting, 
our preliminary results need to be 
confirmed in additional observations. 
Also, it must be determined if the 
liposome vehicle is free of systemic 
and ocular side effects. 
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Titanium Retinal Tacks With Pneumatic Insertion 


Histologic Evaluation in Rabbits 


Janice M. Burke, PhD; H. Richard McDonald, MD; Jerry Neuwirth, MD; Michael Lewandowski 


e Titanium retinal tacks were im- 
planted through the formed vitreous into 
the posterior retinas of rabbits and evalu- 
ated by electroretinographic testing and 
by light microscopy at intervals after 
implantation. Tritiated thymidine autora- 
diography was used to evaluate the prolif- 
eration of ocular tissues in response to 
tack insertion. Within one month after 
implantation, the retinal tacks were sur- 
rounded by scar tissue produced by the 
proliferation of retinal glial cells and cho- 
roidal and scleral connective tissue cells. 
The tissue response was focal and there 
was no excessive fibrous tissue or vascu- 
lar proliferation or any indication of iris 
neovascularization for six months. The 
observations of firm retinal adherence 
and low tissue reactivity suggest that 
titanium tacks can be used to secure the 
retina during retinal attachment surgery 
and can remain permanently in the eye. 

(Arch Ophthalmol 1987;105:404-408) 


Fy ee of a recognized need to fix- 
ate the retina during vitreoretinal 
surgery for some complex retinal 
detachments, plastic! or stainless 
steel tacks have been developed to 
secure the retina to the eye wall. This 
concept has been refined by the devel- 
opment of a pneumatic instrument to 
insert a titanium tack.* Titanium has 
previously been shown to have low 
ocular toxicity,’ suggesting that tacks 
composed of this metal could be 
retained permanently in the eye. 

To examine the effectiveness of ret- 
inal tacks as a mechanism for fixating 
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the retina and to examine the tissue 
response to tacks composed of titani- 
um, titanium tacks were implanted in 
the eyes of rabbits. The eyes were 
evaluated at intervals of up to one 
year by electrophysiologic testing and 
by light microscopy of the retina and 
other ocular tissues. We determined 
that the titanium tacks affix the reti- 
na to underlying tissues by the prolif- 
eration of cells from the retina and 
choroid and that the tacks elicit mini- 
mal toxic injury to the adjacent reti- 
na. 


MATERIALS AND METHODS 
Tack Insertion 


Adult chinchilla and New Zealand white 
rabbits (2.5 to 3.5 kg) were used for these 
studies. Both eyes received cryotherapy 
treatment 4 to 8 mm posterior to the 
corneoscleral limbus, 180° apart. Four to 
six weeks later, the rabbits underwent 
baseline electroretinography, as described 
below. | 

Two to four weeks after electroretinog- 
raphy, surgery was performed on one eye 
of each rabbit, with the other eye serving 
as a control without operation (cryotreat- 
ment only) Sclerotomy incisions were 
made in the most posterior areas of the 
cryotreated retina. A blunt-tipped, bent, 
20-gauge needle that supplied an irrigating 
balanced salt solution, was inserted 
through one sclerotomy port. Through the 
other sclerotomy site the retinal tack was 
inserted, engaged by the pneumatic tack 
inserter, as previously described.* The tack 
was passed through the formed vitreous 
and inserted into the retina, choroid, and 
sclera, usually within 3 to 4 mm of the 
medullary ray of the posterior rabbit reti- 
na. From one to four tacks (57 in all) were 
placed in each of 18 rabbit eyes. Three 
0.7-mm tacks were placed in one of the 
eyes; all remaining tacks were 1.6 mm long. 
Eyes were examined by indirect ophthal- 
moscopy immediately after tack insertion 
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and then at intervals until the animals 
were killed. 

Eyes described in the "Results" section 
as having sham operations received all 
procedures except the actual tack inser- 
tion. It was not possible to insert and 
remove the tack as part of the sham oper- 
ation because removal of the tack intro- 
duces an additional traumatic component. 
The tissue effects of tack implantation 
reported herein are, therefore, a combina- 
tion of injury due to insertion and the 
tissue response to the titanium tack. 

The rabbits were killed and the eyes 
were enucleated at intervals of up to one 
year after tack insertion. Some eyes were 
processed for microscopic examination, as 
described below. 

To evaluate any early toxic response to 
the tacks themselves, surgical procedures 
were minimized and a larger number of 
tacks was placed in the vitreous of one eye 
in each of two rabbits. For this experiment, 
the tacks were engaged with the pneumatic 
inserter and released within the vitreal 
compartment without contacting the reti- 
na. Ten tacks were delivered into one vitre- 
ous and 12 tacks into another. The eyes 
containing the tacks and the fellow eyes 
without operation underwent electrophysi- 
ologic testing before tack insertion and 
again after one and two weeks. 


Electroretinography 


Preoperative electroretinography was 
performed on eyes with and without opera- 
tion. Electroretinograms were obtained 
from eyes with implanted retinal tacks at 
three months (six eyes), six months (three 
eyes), and 12 months (three eyes). 

Animals were adapted to the dark for 30 
minutes and eyes were dilated with 546 
phenylephrine/0.5% cyclopentolate before 
testing. A topical corneal anesthetic was 
used (proparacaine hydrochloride), but no 
general anesthetic or sedative was 
employed. 

Electroretinograms were recorded bi- 
nocularly with contact lens electrodes. Ref- 
erence and ground electrodes were affixed 


Titanium Retinal Tacks—Burke et al 


y 





Fig 1.—Gross photograph of pigmented rabbit retina three months after 
four tacks were inserted near retinal medullary ray (R). One tack (lower 
right) ss out of plane of focus and another tack (lower left) is only 
Partially implanted. Tack at upper right is shown in Figs 2 through 4. 


to the left and right ears, respectively. The 
electrical response to 11 unfiltered, white- 
light, diffuse flashes presented 45 s apart 
were fed into a differential amplifier, 
recorded, averaged, and stored on a disk. 
The fiash stimulus was produced by a 
xenon fiash tube placed 10 cm from the 
subject with a flash intensity of 3.2 x 10 
lux. 

Because of the variability of electroreti- 
nogram amplitudes, evaluation was based 
on the-difference in amplitude between left 
and right eyes in a recording session.^ 


Histologic Examination 
and Autoradiography 


Two tack sites were examined by light 
microscopy at one month, eight tack sites 
were examined at three months, and nine 
tack sites were examined at six months. 
Sham operation control eyes were pre- 
pared for histologic sectioning for the one- 
month time period and control eyes with- 
out operation (cryotreatment only) were 
prepared for all time periods. 

Twenty-four hours before animals were 
killed, control and tack-containing eyes 
received a midvitreal injection of 25 pCi (2 
Ci/mmol) of tritiated thymidine to label 
cells preparing for division. After fixation 
in phesphate-buffered 4% formaldehyde 
solution, the anterior segments were dis- 
sected and embedded in paraffin for serial 
sectioning to examine the iris for evidence 
of neovascularization. The posterior seg- 
ment was photographed to record the posi- 
tions of the tacks, and then pieces of retina 
including those underlying the choroid and 
sclera were dissected. For control eyes, 
pieces of posterior and peripheral retina 
were embedded in paraffin. For eyes con- 
taining tacks, tissue pieces were prepared 
both from regions af the retina that con- 
tainec tacks and fram regions that lacked 
tacks. Some tack sites were embedded in 
paraffin; other sites were isolated with an 
8-mm trephine and processed for embed- 
ment in plastic following fixation in 2% 
glutaraldehyde and postfixation in 2% 
osmium tetroxide (both phosphate-buf- 
fered). The tacks were removed from pro- 
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Fig 2. — Outline of shaft and tip of tack at three months after insertion. 
Portion of glial scar in retina is shown (G). Fibrous connective tissue 
surrounds shaft and tip of tack near choroid (arrowhead) and sclera 
(double arrowhead). Tip of tack penetrates orbital fat of thin-walled 


rabbit eye (plastic section, Richardson's stain, X 1 10). 


cessed tissues just before embedment or 
were dissected from the block when they 
were encountered on serial sectioning. Par- 
affin-embedded tissues were sectioned at 5 
um and plastic-embedded samples were 
embedded at 1 um. Tissues were serially 
sectioned through the tack sites and a slide 
was taken for autoradiography approxi- 
mately every 50 um. 

Autoradiographs were prepared by dip- 
ping the sections in liquid emulsion, fol- 
lowed by an exposure period of six to ten 
days for paraffin sections or 30 days for 
plastic sections. Paraffin sections were 
stained with hematoxylin-eosin, and plas- 
tic sections were stained with Richardson’s 
Stain. 


RESULTS 
Tack Insertion and Indirect 
Ophthalmoscopy 


The shorter (0.7-mm) tacks were 
used only for the first procedure, in 
which three tacks were implanted in 
one eye. One of these tacks became 
dislodged. The longer 1.6-mm tack 
was used for all subsequent proce- 
dures (Fig 1). Four of 54 of the longer 
tacks were partially inserted and 
became displaced. There was no disin- 
sertion of any fully inserted tack dur- 
ing the follow-up period. 

Small hemorrhages were observed 
at the sclerotomy site in four eyes, but 
there were no retinal or choroidal 
hemorrhages accompanying tack in- 
sertion. Partial retinal detachments 
were observed in four eyes. Other 
than the hole made by the tack, no 
other retinal tears developed during 
the insertion process. 


Electroretinography 


Five of ten tack-containing eyes 
that underwent electroretinographic 
testing showed no change in A- or 
B-wave amplitudes or B-wave implicit 
times. There was no progressive 


change in the electroretinographic 
potentials in eyes that were examined 
more than once after tack insertion, 
eg, two eyes showing no change at six 
months also remained unchanged at 
12 months. One eye showing a 40% 
reduction in A- and B-wave ampli- 
tudes at three months (see below) 
showed no additional reduction at a 
12-month recording. 

One eye showed a 20% reduction in 
A- and B-wave amplitude compari- 
sons six months after tack insertion. 
A partial retinal detachment was 
observed ophthalmoscopically in this 
eye and a retinal fold near one tack 
site was seen in a histologic section. 

Two eyes showed a 40% reduction 
in A- and B-wave amplitudes at three 
months after tack insertion. In one of 
these eyes, traction on the retina that 
was mediated by the cortical vitreous 
Was seen in a tissue section (see histo- 
logic description below). In the second 
eye, which showed a 40% reduction, 
and in two other eyes with A- and 
B-wave amplitude reductions of less 
than 40%, there was no documented 
retinal detachment or complications 
of insertion. 

No changes in A- or B-wave poten- 
tials relative to preoperative record- 
ings were seen after one week in the 
animals that had received ten or 12 
intravitreal tacks. One animal was 
evaluated again at two weeks and no 
change was detected. 


Histologic Findings: 
Retina, Choroid, and Sclera 


In tack sites from all time periods 
examined, the tack was surrounded in 
the region of the retina by a combina- 
tion glial/connective tissue scar (Figs 
2 through 4). The glial component, 
which blended with the adjacent reti- 


Titanium Retinal Tacks—Burke et al 405 





Fig 3.—Section from another region of same site in Fig 2. Rectangular 
hole is space occupied by tack head before removal during tissue 
processing. Head is surrounded by predominantly glial scar that also 
contains connective tissue (arrow) derived from thickened choroid 
(plastic section, Richardson's stain, X 120). 





Fig 4.—Section from another region of same tack site as in Fig 2 
showing edge of glial scar (G). Adjacent retinal architecture is disrupted 
but retina remains attached (arrowhead). Distant from tack site, retina 
is artifactually detached (double arrowhead). Choroid (C), which is 
thickened with dilated vessels near tack, is artifactually separated from 





Fig 5.—Light micrograph of normal retina adjacent to six-month tack 
site showing focal disruption of retinal layers with glial thickening (G) at 
vitreoretinal interface (plastic section, Richardson’s stain, X600). 


na, was highly cellular with little 
extracellular matrix (Figs 2 through 
4). The connective tissue component 
appeared to arise from the choroid 
(Fig 3) and consisted of fibroblastic 
cells embedded in a collagenous 
matrix. Although the choroid was 
thickened in the tack region and cho- 
roidal blood vessels were dilated (Figs 
3 and 4), the scar tissue surrounding 
the tacks was not vascularized. Blood 
vessels were seen at the tack site in 
only one six-month sample in which 
the tack was inserted within the me- 
dullary ray near the tract of extrareti- 
nal vessels (not shown); aside from 
this tract, the rabbit retina is avascu- 
lar. The blood vessels in this specimen 
arose from the extraretinal vessels. 
The pigment epithelium ended 
rather abruptly at the edge of the tack 
wound and few pigmented cells were 
observed in the tack scar. Within the 
sclera, the tack was surrounded by 
layers of fibroblastic cells (Fig 2). 


sclera (S) (plastic section, Richardson's stain, X 150). 





Pi 
X580). 


This tissue was delicate in one-month 
specimens and was damaged when the 
tack was removed, but remained 
intact in some three- and six-month 
specimens. 

Immediately adjacent to the tack, 
the retinal cytoarchitecture was dis- 
rupted and photoreceptors were 
absent (Figs 3 and 4). Within about 
250 um of the tack scar, however, the 
retinal structure appeared normal 
(Fig 4). The retina usually detached 
artifactually during tissue processing 
at the level of the junction between 
the sensory retina and the pigment 
epithelium. In the region of the tack 
scar, however, the retina remained 
adherent at three and six months (Fig 
4), suggesting that the scar tissue 
surrounding the tack acted as a “spot 
weld” to maintain retinal attach- 
ment. 

In only a few specimens with 
implanted retinal tacks was there any 
indication of damage to the retina 
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Fig 6.—Light micrograph of tuft of retinal tissue at vitreoretinal junction 
adjacent to three-month tack site (plastic section, Richardson's stain, 


aside from the tack scar itself. In one 
three-month and in one six-month 
specimen there was a focal disruption 
of the retina seen as layers of glial 
cells at the vitreoretinal interface 
adjacent to a tack site (Fig 5). In 
another specimen, a small tuft of reti- 
nal tissue was seen extending through 
the inner limiting lamina into the 
vitreous (Fig 6). In two tack sites at 
three months, the fibrous connective 
tissue from the tack scar appeared to 
attach to the collagenous matrix of 
the cortical vitreous with some indica- 
tion of traction on the adjacent retina 
(Fig 7). A fold of retina was located 
adjacent to a tack site in one six- 
month specimen (not shown). The fold 
appeared to have resulted from later- 
al movement of the retina during 
insertion of the tack. 

In control rabbit eyes, nuclei 
labeled with tritiated thymidine could 
infrequently be found in the hyalo- 
cytes of the cortical vitreous, in the 
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Fig 7.—Light micrograph of fibrous connective tissue of three-month 
tack scar that appears adherent to cortical vitreous (arrowheads) 


(plastie section, Richardson's stain, X375). 





Fig 9.— Tritiated thymidine-labeled nucleus (arrowhead) in normal 
retina adjacent to one-month tack site (paraffin section, hematoxylin- 


eosin, X 790). 


blood vessels at the medullary ray, 
and in the region ef the optic disc.” 
Rare labeled nuclei were located in 
the inner layers of the sensory retina 
and in the retinal pigment epitheli- 
um.* 

In eyes containing implanted tacks, 
labeled nuclei were seen in both the 
glial tissue (Fig 8) and the fibrous con- 
nective tissue in scars surrounding the 
tacks. The number of labeled nuclei in 
the tack scars was highest at one 
month, fewer at three months, and 
remained about the same at six 
months. In the retina adjacent to the 
tack, where the tissue structure ap- 
peared to be normal, a slight increase 
in labeling of the inner retina (Fig 9) 
and at the optic dise was observed in 
one-month samples. Eyes with sham 
operations showed a similar labeling 
pattern at one month. No increased 
labeling in the normal-appearing reti- 
na adjaeent to the tack sites was seen 
after one month, nor was elevated 
labeling observed in the retinal pig- 
ment epithelium at any time period. 
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Fig 8.—Tritiated thymidine-labeled nuclei (arrowheads) within glial 
scar of same three-month tack site shown in Figs 2 through 4 (plastic 





section, Richardson's stain, X540). 





Fig 10.—Connective tissue surrounding tip of tack in sclera (S) has 
several tritiated thymidine-labeled nuclei (arrowheads) in one-month 


tack sites (paraffin section, hematoxylin-eosin, X830). 


Rare labeled nuclei were seen in the 
choroid at the tack site. Where the 
tack was inserted into the sclera, 
labeled nuclei were found within the 
layers of fibroblastic cells that formed 
around the point of the tack (Fig 10), 
with the highest degree of labeling in 
the one-month specimens. 


Iris: Histologic Examination 
and Autoradiography 


The histologic nature and degree of 
tritiated thymidine labeling of the iris 
was unchanged by the insertion of the 
retinal tacks (not shown). In eyes con- 
taining tacks, there was no indication 
of iris neovascularization or labeling 
of vascular endothelium at the pupil- 
lary rim. 


COMMENT 


Histologic examination of the 
wound response to retinal tack inser- 
tion suggested that the tacks effec- 
tively attach the retina without caus- 
ing significant additional tissue dam- 
age. There was no light microscopic 


evidence of generalized toxic effects to 
the adjacent retina that was attribut- 
able to the tacks. Although the tacks 
penetrated the highly vascular cho- 
roid, the tack site did not become vas- 
cularized, suggesting that the titani- 
um tacks have low tissue reactivity. 
The electroretinographic data sup- 
port the contention that titanium is 
biocompatible and shows low retinal 
toxicity. In five eyes with implanted 
tacks, there were depressions in A- or 
B-wave potentials that appeared to 
result from surgical trauma rather 
than titanium toxicity. In two of these 
eyes, retinal injury due to insertion 
was observed clinically and/or histo- 
logically. We suspect that the unex- 
plained depressions in A- and B-wave 
amplitudes that occurred in the three 
other eyes were also due to unrecog- 
nized surgical trauma rather than to 
generalized toxicity, because the elec- 
troretinogram potentials did not pro- 
gressively deteriorate with time, as 
has been shown in the toxic response 
to other intraocular metals.” In eyes 
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that received several intravitreal 
tacks, no electroretinographic 
changes were seen at one and two 
weeks, time periods that encompass 
both the inflammatory phase of the 
soft-tissue response to titanium’! 
and the appearance of the retinotoxic 
response to other metals.*'" We cannot 
exclude, however, the possibility that 
retinal toxic effects will develop fol- 
lowing long-term exposure to large 
numbers of intraocular tacks. 

After implantation the tacks be- 
came surrounded by a combination 
glial/connective tissue scar. After one 
month there was a decline in the 
number of tritiated thymidine- 
labeled cells in the scar, suggesting 
that most of the tissue response to the 
tack was confined to the first few 
weeks after insertion. The retinal pig- 
ment epithelium seemed to make only 
a small contribution to the scar tissue 
surrounding the tacks. The lack of 
reactivity of the pigment epithelium 
was surprising in view of the fact that 
these cells have a higher proliferative 
potential than retinal glial cells? and 
the pigment epithelium is a major 
contributor to proliferative disorders 
such as proliferative vitreoretinopa- 
thy." 

The tritiated thymidine labeling 
was used in this study primarily to 
monitor proliferation at the site of the 
tack implantation during the wound 
response. Since only rare labeled cells 
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Clinical results of titanium retinal tacks with 
pneumatic insertion. Am J Ophthalmol 1986; 
102:13-19. 

5. Louring L, Wergeland F: Ocular toxicity of 
newer industrial metals. Milit Med 1970; 
135:1171-1174. 

6. Declerq S, Meredith C, Rosenthal A: Exper- 
imental siderosis in the rabbit. Arch Ophthalmol 


can be found in the normal retina, the 
labeling studies could also be used as 
an indicator of tissue reactivity in 
areas distant from the tack sites. At 
one month, a slight increase in label- 
ing was observed in areas of normal 
retina and near the optic disc in eyes 
with implanted tacks. It is likely that 
these labeled cells were monocytes/ 
macrophages that signal the inflam- 
matory phase of the ocular response. 
An influx of monocytes that can be 
labeled with tritiated thymidine fol- 
lows many types of vitreal manipula- 
tions in the rabbit, and a similar 
labeling pattern was observed in this 
study in sham operation controls. 
Macrophages can transmigrate the 
retina^ and are often seen at the 
disc.*^ The inflammatory response to 
tack implantation appeared to be con- 
fined to the first month after inser- 
tion. 

The pupillary rim was examined for 
evidence of neovascularization in eyes 
that had received titanium tacks. 
There was no histologic indication of 
new vessel formation or of dilatation 
of existing vessels. Furthermore, 
there was no autoradiographic evi- 
dence of vascular endothelial cell pro- 
liferation that would be expected to 
occur during new vessel formation.'^ 

Although there was no evidence of 
diffuse injury due to toxicity of the 
titanium tacks, there was indication 
of some damage due to trauma during 
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tack insertion. The glial thickening in 
the inner retina and the tuft of retinal 
tissue protruding into the vitreous 
observed near two tack sites may have 
been due to surface injury to the 
retina during surgical implantation of 
the tacks. The partial retinal detach- 
ments and the fold in the retina adja- 
cent to one tack that were observed in 
a tissue section appeared to be due to 
difficulties in achieving perpendicular 
insertion of the tack because of the 
large rabbit lens. As shown in Fig 7, 
the connective tissue at the tack site 
could attach to the cortical vitreous 
and exert some traction on the adja- 
cent retina. This type of complication 
may be peculiar to this rabbit model 
and may not occur in human eyes in 
which posterior vitreous detachment 
has occurred, or if a vitrectomy pre- 
cedes tack implantation. 

The firm adherence of the retina at 
the tack site and the observation of 
minimal tissue response to the retinal 
tacks supports the contention that 
titanium tacks can be used to secure 
the retina during retinal attachment 
surgery and can remain permanently 
in the eye. 
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A Rabbit Model of Staphylococcal Blepharitis 


Bartly J Mondino, MD; Andrew I. Caster, MD; Brent Dethlefs 


€ Rabbits immunized with cell wall 
antigens of Staphylecoccus aureus devel- 
oped biepharitis after topical challenge 
with viable S aureus. The lids of these 
rabbits were thickened and erythema- 
tous. Ceusting was found around the 
lashes, and the lids developed loss of 
lashes and hair. Histopathologic examina- 
tion of lids from rabbits with blepharitis 
showed 3 dense leukocytic infiltrate and 
dilated blood vesseis beneath an intact 
epidermis and palpebral conjunctival epi- 
thelium. The infiltrate contained neutro- 
phils as well as mononuclear cells, in- 
cluding macrophages, plasma cells, and 
lymphocytes. The meibomian glands 
appearec normal. Gram’s staining of lid 
sections did not show gram-positive coc- 
ci. The results of this study suggest that 
hypersensitivity to the S aureus cell wall, 
and particularly the ribitol teichoic acid 
that it contains, plays a role in the patho- 
genesis c* staphylococcal blepharitis. 

(Arch Gphthalmol 1987;105:409-412) 


Diepharitis is one of the most com- 

mon ocular diseases in humans.’ 
The most common types of blepharitis 
are infectious blepharitis associated 
with Staphylococcus aureus, sebor- 
rheic blepharitis, or a combination of 
the two types. Staphylococcal blepha- 
ritis is characterized by dilated blood 
vessels on the lid margin, collarettes, 
poliosis, madarosis, and trichiasis. 
Seborrhex blepharitis has anterior 
lid changes consisting of oily, greasy 
scaling and crusting. Additionally, 
meibomian dysfunction is found in the 
form of excess secretions (meibomian 
seborrhea) or inflammation (meibom- 
ianitis). 

A rabbit model of blepharitis re- 
lated to meibomian gland dysfunction 
has been reported. Rabbits treated 
with 2% epinephrine hydrochloride 
drops twice daily for two to three 
months revealed plugging of the mei- 
bomian gland orifices, which was cor- 
related h:stopathologically with in- 
creased thickness and hyperkeratini- 
zation of the ductal epithelium at the 
orifices. Continued treatment resulted 
in cystic caanges within the duct that 
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were correlated with dilation of the 
duct by retained, desquamated, corni- 
fied cells. Jester et al? suggested that 
abnormalities of the keratinizing pro- 
cess might be responsible for the 
states of meibomian gland dysfunc- 
tion. 

To the best of our knowledge, there 
have been no reported animal models 
of staphylococcal blepharitis. It is not 
known whether the most important 
factor in staphylococcal blepharitis is 
a direct infection of the lids by S 
aureus itself, a reaction to its exotox- 
ins, or a hypersensitivity response to 
its antigens. We report herein a rabbit 
model of staphylococcal blepharitis 
and suggest that hypersensitivity to S 
aureus may be an important factor in 
its pathogenesis. 


MATERIALS AND METHODS 


We immunized rabbits to either S aureus 
cell wall preparation or one of its three 
major components: peptidoglycan, protein 
A, and ribitol teichoic acid. The strain of S 
aureus that we used for our cell wall 
preparation and topical challenge belonged 
to phage type 95 and was coagulase- 
positive, 6-hemolytic, pigmented, and gen- 
tamicin sulfate-resistant. The cell wall 
was prepared using a cell fractionator at a 
pressure of 52000 psi, as previously 
described.‘ Our cell wall preparation was 
treated with deoxyribonuclease and ribo- 
nuclease to digest nucleic acids. It was also 
treated with trypsin to remove protein A. 
Electron microscopy and chemical analysis 
of our cell wall preparation (peptidogly- 
can-ribitol teichoic acid) has been 
described in detail previously.’ The prepa- 
ration and chemical analysis of the puri- 
fied peptidoglycan’ and ribitol teichoic 
acid^ used in this study also have been 
detailed elsewhere. Protein A was obtained 
commercially. 

Cell wall preparation, peptidoglycan, 
and protein A were added to sterile, inject- 
able normal saline, yielding a concentra- 
tion of 0.4 mg/mL of each of these anti- 
gens. Each antigen was added one drop at a 
time to complete Freund's adjuvant, which 
had a concentration of 1 mg/mL. An emul- 
sion was prepared using equal volumes of 
antigen and complete Freund's adjuvant. 
New Zealand white female rabbits, each 
weighing about 2 kg, were injected intra- 
dermally in the rear toe pads with 0.5 mL 
of cell wall preparation, peptidoglycan, or 
protein A mixed with complete Freund's 
adjuvant; consequently, each rabbit re- 
ceived 0.1 mg of antigen. Control rabbits 
received the same volume of normal saline 
mixed with complete Freund's adjuvant 
injected intradermally into the rear toe 
pads. Two weeks later, the injections were 
repeated in the front toe pads, using pre- 


cisely the same volumes and amounts of 
antigen mixed with complete Freund's 
adjuvant (experimental rabbits) or normal 
saline mixed with complete Freund's adju- 
vant (control rabbits). 

Because purified S aureus ribitol teicho- 
ic acid is poorly immunogenic in rabbits, 
even when mixed with complete Freund's 
adjuvant,’ we immunized rabbits to ribitol 
teichoic acid by coupling it with sheep red 
blood cells (RBCs) (using chromium chlo- 
ride) Experimental rabbits were immu- 
nized by injecting 1 mL of a5% suspension 
of ribitol teichoic acid-sensitized sheep 
RBCs into the marginal ear vein. Each 
rabbit received a total of 18 injections 
approximately every five days during the 
immunization period of 90 days. Control 
rabbits were immunized by injecting 1 mL 
of a 575 suspension of unsensitized sheep 
RBCs into the marginal ear vein using 
exactly the same schedule as in the experi- 
mental group. 

Skin tests and antibody tests were per- 
formed to ensure that immunization to the 
appropriate antigens had taken place. Ten 
days after the last intradermal injection, 
rabbits immunized with cell wall, peptido- 
glycan, protein A, or normal saline mixed 
with complete Freund's adjuvant under- 
went skin testing in their ears. With a 
tuberculin syringe and a 26-gauge needle, a 
volume of 0.1 mL containing 0.1 mg of cell 
wall preparation, peptidoglycan, or protein 
A was injected intradermally. The thick- 
ness of the skin reactions was measured to 
within 0.05 mm using a caliper microme- 
ter. The measurements were made before 
as well as 30 minutes, five hours, 48 hours, 
and 72 hours after injection. Net swelling 
of control and experimental rabbits was 
determined as previously described.* Dif- 
ferences were analyzed statistically using 
the Student f test. 

In both the experimental group immu- 
nized with ribitol teichoic acid-sensitized 
sheep RBCs and the control group immu- 
nized with unsensitized sheep RBCs, arte- 
rial blood was drawn from rabbit ears 
before immunization and ten days after 
the last intravenous injection. A hemag- 
glutination test was then performed as 
described in detail previously. Antibodies 
to sheep RBCs that would interfere with 
the hemagglutination test to ribitol teicho- 
ic acid were removed by absorption with 
sheep RBCs. After centrifugation at 2000 
rpm for ten minutes te remove sheep 
RBCs, serial twofold dilutions of rabbit 
serum were placed in wells of microtiter 
plates to which a 5% suspension of ribitol 
teichoic acid-sensitized sheep RBCs was 
added. After two hours at room tempera- 
ture, the hemagglutination titer was deter- 
mined with the end point being taken as 
the highest dilution of serum showing def- 
inite agglutination of the ribitol teichoic 
acid-sensitized sheep RBCs. To verify 
removal of antibodies to sheep RBCs by the 
absorption procedure, the hemagglutina- 
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tion test was also performed with unsensi- 
tized sheep RBCs. Hemagglutination titers 
for ribitol teichoic acid were acceptable 
only if the serum showed no detectable 
hemagglutination titers to unsensitized 
sheep RBCs. Differences between titers in 
experimental and control rabbits before 
and after immunization were evaluated 
statistically using Wilcoxon’s rank sum 
test. Skin tests to demonstrate delayed 
hypersensitivity to ribitol teichoic acid 
were not performed because previous 
studies have shown that antibody rather 
than delayed hypersensitivity develops to 
ribitol teichoic acid after immunization 
with either this antigen or cell wall prepa- 
ration.” 

Topical challenge was begun 72 hours 
after placement of skin tests and collection 
of serum. All rabbits were challenged with 
a suspension of S aureus in tryptic soy 
broth (5 X 10° colony-forming units per 
milliliter). One drop was administered in 
both eyes five times daily for five days 
each week for ten weeks. Previous studies 
showed that preparations of phenol-inacti- 
vated S aureus (5 X10* colony-forming 
units per milliliter) or cell wall, peptido- 
glycan, ribitol teichoic acid, or protein A (1 
mg/mL), when applied topically to appro- 
priately immunized rabbits, failed to cause 
inflammation of the external eye.*^'? 

The rabbit eyes were observed weekly. 
Biopsy specimens of upper or lower lids 
from representative rabbits from each 
experimental and control group were 
obtained every two weeks. Topical chal- 
lenge with viable S aureus was discontin- 
ued several days before and after biopsy to 
prevent infection of the lid tissue. General 
anesthesia was induced by an intramuscu- 
lar injection of 2 mL of chlorpromazine 
hydrochloride (25 mg/mL) followed one 
hour later by an intravenous injection of 1 
mL of pentobarbital sodium (30 mg/mL). 
Full-thickness, pentagonal biopsy speci- 
mens of the lid margins were performed, 
and the lid defects were closed using inter- 
rupted 6-0 black silk sutures placed near 
the posterior lid margin and at the lash 
line. Three days after biopsy, topical chal- 
lenge was reinstituted and the rabbit was 
continued in the study. At the conclusion of 
the study, all rabbits were killed, and lid 
tissue was taken from rabbits in all exper- 
imental and control groups. To avoid any 
changes induced by the biopsy procedure, 
no more than one tissue sample was ever 
taken from any one lid. The lids were fixed 
in 37% formaldehyde, processed for paraf- 
fin sectioning, and cut with a microtome at 
6 um. The sections were stained with 
hematoxylin-eosin and Gram's stain. 
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Table 2.—Rabbits Developing Blepharitis in Experimental and Control Groups 


Ribitol teichoic acid-sheep red blood cells (N — 9) 
Cell wall-complete Freund's adjuvant (N — 9) 
Peptidoglycan-complete Freund's adjuvant (N — 7) 
Protein A- complete Freund's adjuvant (N = 7) 

Normal saline- complete Freund's adjuvant (N — 10) 
Unsensitized sheep red blood cells (N — 10) 
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Fig 1.—Eye of experimental rabbit immunized with ribitol teichoic acid-sensitized sheep red 
blood cells, showing prominent conjunctival hyperemia, corneal vascularization, and blepharitis 
after topical challenge with viable Staphylococcus aureus. Lid margins are thickened and 


hyperemic. 


RESULTS 


The results of skin tests in experi- 
mental rabbits immunized with cell 
wall preparation, peptidoglycan, or 
protein A mixed with complete 
Freund’s adjuvant were compared 
with those of control rabbits immu- 
nized with normal saline mixed with 
complete Freund’s adjuvant (Table 1). 
There were no immediate reactions to 
any antigens. Each experimental 
group showed statistically significant 
differences (P < .05) from the control 
group in skin test responses to the 
appropriate antigens at 5, 48, and 72 
hours, except for the group immu- 
nized with peptidoglycan, which failed 
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to show a statistically significant dif- 
ference (P>.05) from the control 
group at five hours. Positive skin-test 
responses to antigen at five hours 
suggest an Arthus reaction mediated 
by antibody, while positive responses 
at 48 and 72 hours suggest delayed 
hypersensitivity. 

Prior to immunization with ribitol 
teichoic acid, rabbits showed no titers 
to this antigen in the hemagglutina- 
tion test. After immunization with 
ribitol teichoic acid, rabbits showed a 
median titer of 8 (P « .001). Rabbits 
immunized with unsensitized sheep 
RBCs did not develop titers to ribitol 
teichoic acid. 
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All rabbits in this study developed 
conjunctival hyperemia and mucoid 
discharge after topical challenge with 
viable S aureus. Peripheral vessels, 
extending no more than 1 to 2 mm into 
the cornea, developed in some eyes in 
the control groups. All ten control 
rabbits immunized with normal saline 
mixed with complete Freund's adju- 
vant and all ten control rabbits immu- 
nized with unsensitized sheep RBCs 
failed to develop an inflammatory 
reaction of the lids during this 
study. 

In the experimental groups, four of 
nine rabbits immunized with ribitol 
teichoic acid, two of nine rabbits 
immunized with cell wall, and one of 
seven rabbits immunized with pepti- 
Goglycan developed bilateral blephari- 
tis with moderate-to-severe conjunc- 
tival hyperemia, edema, and a puru- 
lent discharge four to six weeks after 
onset of topical challenge (Table 2). 
The upper and lower lids of these 
rabbits became thickened and ery- 
thematous (Fig 1). Crusting was found 
around the lashes, and the lids lost 
lashes and hair. The inflammatory 
reaction of the lids increased in sever- 
ity until approximately eight weeks 
after onset of topical challenge and 
stabilized thereafter. The lids of the 
remaining experimental rabbits re- 
mained normal throughout the exper- 
iment. 

Like the control rabbits, the corneas 
of rabbits immunized with peptido- 
glycan or protein A developed no more 
than 1 to 2 mm of peripheral corneal 
vascularization and did not develop 
phlyetenules or catarrhal infiltrates. 
On the other hand, the corneas of 
experimental rabbits immunized with 
cell wall or ribitol teichoic acid devel- 
oped 4 to 5 mm of peripheral corneal 
vascularization. Six of nine rabbits in 
the experimental group immunized 
with ribitol teichoie acid and three of 
nine rabbits immunized with cell wall 
preparation developed corneal phlyc- 
tezules or catarrhal infiltrates. The 
gross and histopathologic features of 
these«corneal lesions are not discussed 
further because they have been 
described in detail previously.**!! 
Experimental rabbits with blephari- 
tis generally developed corneal lesions 
except for the one rabbit immunized 
with peptidoglycan. 

On histopathologic examination, 
lids from experimental rabbits with 
blepharitis were thickened and 
showed inflammatory cells and di- 
lated blood vessels beneath the epi- 
dermis and palpebral conjunctival 
epithelium (Figs 2 and 3). The leuko- 
cytic infiltrate, which was densest 
beneath the epithelium, was noted at 
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Fig 2.—Conjunctival lid surface from experimental rabbit with blepharitis. Tissue between 
palpebral conjunctival epithelium with absent goblet cells and meibomian glands is thickened 
and shows inflammatory cells and dilated blood vessels (hematoxylin-eosin, X60). 


Fig 3.—Anterior lid surface of experimental rabbit with blepharitis. Dermis is thickened with 
inflammatory cells and dilated blood vessels (hematoxylin-eosin, X 100). 
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four to six weeks of topical challenge 
and contained neutrophils as well as 
mononuclear cells, including macro- 
phages, plasma cells, and lympho- 
cytes. The infiltrate increased in den- 
sity, and the lids became progressive- 
ly thick over the next two to four 
weeks before stabilizing. The epider- 
mis and palpebral conjunctival epi- 
thelium remained intact, but the con- 
junctival epithelium showed rare or 
absent goblet cells. Some lids showed 
clusters of neutrophils and mononu- 
clear cells surrounding meibomian 
glands. However, no granulomas or 
abscesses were noted. Meibomian 
glands from rabbits with blepharitis 
appeared normal and did not show 
thickening and hyperkeratinization of 
the ductal epithelium near the orifice. 
Dilated ducts and microcysts were not 
found. Control rabbits and experi- 
mental rabbits that did not develop 
blepharitis showed only occasional 
neutrophils and mononuclear cells 
beneath the epidermis and conjuncti- 
val epithelium that had goblet cells. 
Gram's staining of lid sections from 
rabbits with and without blepharitis 
did not show gram-positive cocci. 


COMMENT 


Both experimental and control rab- 
bits in this study were exposed to 
viable S aureus five times daily for 
five days each week for ten weeks. 
Since control rabbits did not develop 
blepharitis, exposure to viable S aur- 
eus alone is not sufficient to cause 
blepharitis in our model. Additional- 
ly, our rabbit model of blepharitis was 
not caused by a direct infection of the 
lid tissues by S aureus because Gram 
staining of lid sections with or with- 
out blepharitis did not show gram- 
positive cocci. Only experimental rab- 
bits immunized with cell wall anti- 
gens of S aureus and exposed to viable 
S aureus developed blepharitis. Bleph- 
aritis was found most often in the 
experimental groups immunized with 
cell wall preparation or ribitol teicho- 
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ic acid. These results suggest that 
hypersensitivity to S aureus cell wall 
preparation, and particularly the ribi- 
tol teichoic acid that it contains, may 
play a role in the pathogenesis of 
blepharitis. 

Because previous studies*^' have 
shown that eyes of immunized rabbits 
challenged topically with inactivated 
S aureus or purified cell wall antigens 
remain normal, we speculate that via- 
ble S awreus in the conjunctival sac is 
necessary for the development of 
blepharitis because (1) the bacteria 
elaborate toxins that enable their 
antigens to gain access to the lid 
tissues or (2) colonization with S aur- 
eus allows continuous exposure of the 
lids to cell wall antigens. Topical chal- 
lenge with inactivated S awreus or 
purified cell wall antigens may result 
in a brief, intermittent exposure of 
the external eye to staphylococcal 
antigens that may be rapidly diluted 
and drained from the eye in the tears. 
Moreover, antigens in the tears may 
not have access to the lid tissues 
because of an intact epithelium. 

Previously, we developed a rabbit 
model of corneal phlyctenules and 
catarrhal infiltrates by immunizing 
rabbits with phenol-inactivated S aur- 
eus and challenging them topically 
with viable S aureus.” Next, we 
showed that immunization of rabbits 
with S aureus cell wall mixed with 
complete Freund's adjuvant was asso- 
ciated with the development of corne- 
al phlyctenules and catarrhal infil- 
trates after topical challenge with 
viable S aureus, suggesting that 
hypersensitivity to cell wall antigen 
was responsible for these corneal 
lesions. Further studies suggested 
that ribitol teichoic acid, the major 
antigenic determinant of S aureus cell 
wall, plays an important role in the 
immunopathogenesis of corneal 
phlyctenules? The results of the 
present study suggest that hypersen- 
sitivity to S aureus cell wall prepara- 
tion, and particularly the ribitol tei- 
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choie acid that it contains, is also 
important in the pathogenesis of 
staphylococcal blepharitis. Hypersen- 
sitivity to other components of cell 
wall, such as protein A and peptido- 
glycan, may not be as important in the 
development of corneal phlyctenules, 
catarrhal infiltrates, or blepharitis. 

The rabbit model of staphylococcal 
blepharitis reported herein has sever- 
al features similar to the human dis- 
ease. Staphylococcal blepharitis in 
humans has relatively more inflam- 
mation of the anterior rather than the 
posterior portion of the lids." In our 
rabbit model of blepharitis, the lids 
were thickened and erythematous 
with crusting around the lashes and a 
loss of lashes. Our rabbit model of 
blepharitis predominantly involved 
the lid tissues beneath the epidermis 
and palpebral conjunctival epithelium 
and spared the meibomian glands 
that appeared normal. 

Staphylococcal blepharitis is associ- 
ated with positive cultures of the lids 
and/or conjunctiva for S aureus." 
However, S aureus can be cultured 
from eyes that appear clinically nor- 
mal." It may be that hypersensitivity 
to S aureus cell wall antigens is a 
factor in the pathogenesis of staphy- 
locoecal blepharitis. Theodore’ was 
probably the first investigator to sug- 
gest that microbiallergic reactions to 
staphylococcal antigens are impor- 
tant in external eye disease. Hyper- 
sensitivity to the S aureus cell wall, 
and particularly the ribitol teichoic 
acid that it contains, may be involved 
in the pathogenesis not only of corne- 
al phlyctenules and catarrhal infil- 
trates but also of blepharitis. 
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Treatment of Experimental Granulomatous Uveitis 


by Lipoxygenase and Cyclo-oxygenase Inhibitors 


Narsing A. Rao, MD; Richard Patchett, MD; Mary Ann Fernandez, MD; Alex Sevanian, PhD; 
Stephen L. Kunkel, MD; George E. Marak, Jr, MD 


e Lens-induced gsanulomatous uveitis 
was produced in brown Norway rats. To 
determine the role ef the lipoxygenase 
and cyclo-oxygenase products of arachi- 
donic acid in the modulation of granulo- 
matousuveitis, one group of experimental 
animals was treated with nafazatrom, 
while another group was treated with nor- 
dihydroguaiaretic aced (lipoxygenase in- 
hibitors). Both resulted in significant 
attenuation of granulomatous inflamma- 
tion, with reduced aiant-cell infiltration 
into the choroid. In eontrast, indometha- 
cin (a cyclo-oxygenase inhibitor) therapy 
resulted in increased giant-cell formation. 
These findings suggest that the lipoxy- 
genase and cyclo-oxygenase products of 
arachidonic acid play a role in the devel- 
opmentof granulomatous uveitis and that 
such inflammation caa be selectively sup- 
pressec by lipoxygerase inhibitors. 

(Arch Ophthalmol 7987;105:413-415) 


Armeni acid is metabolized by 
three known pathways. The first 
pathway utilizes the enzyme cyclo- 
oxygenase, with ultzmate formation of 
prostaglandins and thromboxanes.' 
The seeond, or lipoxygenase pathway, 
converts arachidonate into hydroper- 
oxyeicosatetraenoic acids (HPETES), 
leukotrienes, and monohydroxyeico- 
satetraenoic acid and dihydroxyeico- 
satetraenoic acid (FETES) The third 
pathway consists cf P450-dependent 
metabolism of arachidonic acid.’ 
Cyclo-oxygenase and lipoxygenase 
products have beer shown to affect 
the functions of polymorphonuclear 
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leukocytes and mononuclear cells in 
the inflammatory process. Nafaza- 
trom and nordihydroguaiaretic acid 
(NDGA), both inhibitors of the lipox- 
ygenase pathway, have recently been 
shown to suppress the inflammatory 
response in T cell- mediated hypersen- 
sitivity; each was found to inhibit 
pulmonary granuloma formation in 
mice in a dose-dependent manner.‘ Of 
these drugs, NDGA has proved to be a 
selective inhibitor of the lipoxygenase 
pathway. Nafazatrom at higher con- 
centrations tends to inhibit both the 
lipoxygenase and  cyclo-oxygenase 
pathways; at lower concentrations, 
however, it inhibits the lipoxygenase 
pathway selectively.^* 

Experimental lens-induced granu- 
lomatous  endophthalmitis is an 
immune complex disease produced by 


sensitization with a lens protein. This 
type of experimental uveitis in brown 
Norway (BN) rats is characterized by 


a massive thickening of the choroid’ 


caused by diffuse granulomatous 
inflammation? In the experiment 
described herein, an attempt was 
made to determine the effects of 
lipoxygenase and cyclo-oxygenase in- 
hibitors on the development of granu- 
lomatous choroiditis. 


MATERIALS AND METHODS 


Twenty-four adult BN rats were sensi- 
tized to lens protein by subcutaneous injec- 
tions of 10 mg of bovine lens protein in 
Freund's complete adjuvant; animals were 
injected in the nuchal or dorsal regions 
once every two weeks for a period of eight 
weeks. One week after the final injection, 
the right lens of each animal was surgical- 


Fig 1.— Control eye showing granulomatous choroiditis with several multinucleated pigment- 
containing giant cells (arrows) (hematoxylin-eosin, X 160). 
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Fig 2.—Attenuated granulomatous choroiditis in an animal treated with nafazatrom (hematoxy- 


lin-eosin, X 160). 


Table 1.— Suppression of Experimental Granulomatous Uveitis 
by Lipoxygenase Inhibitors 


Experimental Group 
Controls (n — 6) 
Nafazatrom (n = 6)t 
Nordihydroguaiaretic acid (n = 6)t 
Indomethacin (n = 6)t 
Normal animals (n = 6) 
* Student's f test. 


tLipoxygenase inhibitor. 
tCyclo-oxygenase inhibitor. 


Choroidal Thickness, um 


(Mean + SD) p* 
46.65 + 9.08 aa 
27.02 + 5.76 <.005 
34.46 + 3.72 <.025 
48.38 + 7.86 : 
14.00 + 1.00 





Table 2.—Modulation of Giant-Cell Formation by 
the Arachidonic Acid Metabolic Inhibitors 


No. of 
High-Power Fields 
per Choroid * 


Experimental 


Group 


Controls (n = 6) 10-19 2-10 0.313 + 0.1709 AA 
Indomethacin (n = 6) 16-19 7-25 0.6983 + 0.4351 <.001 
Nafazatrom (n = 6) 15-16 3-6 0.2531 + 0.0856 <.001 


Nordihydroguaiaretic 
acid (n = 6) 


15-18 


* Eye sections were examined at X160. 
TStudent's ż test. 


ly disrupted with a bent 30-gauge needle. 
Throughout the course of the experiment, 
broad-spectrum antibiotic drops were 
instilled daily into the conjunctival sacs of 
the surgically disrupted eyes to prevent 
infection. Immediately following lens dis- 
cission, the animals were divided into four 
groups and were treated for seven days. 
Group 1, the control group, was treated 


No. of Giant 
Cells per 
Choroid 


No. of Giant 
Cells per 
High-Power Field 
per Choroid (Mean + SD) Pt 


2-5 0.1828 + 0.0822 <.001 





with daily intraperitoneal injections of 0.5 
mL of diluent (0.01M hydroxide sodium); 
group 2 animals received daily intraperito- 
neal injections of NDGA, 10 mg/kg; group 
3 animals received daily intraperitoneal 
injections of nafazatrom, 10 mg/kg; and 
group 4 animals were treated with daily 
intraperitoneal injections of indomethacin, 
5 mg/kg. 
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The drugs were prepared in the follow- 
ing manner immediately prior to each 
experiment: 41.67 mg of each drug (nafaza- 
trom, NDGA) was dissolved in 1.0 mL of 
0.1M sodium hydroxide, diluted to 10 mL 
with saline, and filtered through a sterile 
0.2-um Micropore filter (Nucleopore, 
Pleasanton, Calif). The drug dosages speci- 
fied above were selected on the basis of 
previous reports.** At these dosage levels, 
nafazatrom and NDGA were found to be 
selective inhibitors of the lipoxygenase 
pathway.* 

All animals were killed 24 hours after 
the seventh injection; both eyes were enu- 
cleated, fixed in 4% buffered formaldehyde 
solution, and processed for paraffin em- 
bedding. The sections were stained with 
hematoxylin-eosin and periodic acid- 
Schiff (PAS) reagent. 

Slides were coded to ensure that the 
pathologist was unaware of the treatment. 
One representative slide of each eye from 
every animal was selected for morphomet- 
ric analysis, as described previously. The 
masked slide was magnified X100, and the 
outline of the choroid was traced using a 
camera lucida system; the tracing was then 
analyzed for total choroidal length (perim- 
eter) and total choroidal area using a com- 
puter analyzer (Videoplan, Carl Zeiss Inc, 
New York). Average choroidal thickness 
(h) for each eye was obtained by dividing 
the total choroidal length into the choroi- 
dal area. This h value correlated 
(r = .9986), with 99.9% confidence limits, 
to a mean value that was obtained by 
measuring the thickness of the choroid in 
80 to 100 locations at regular intervals 
along its entire length. On completion of 
the morphometric analysis, the code was 
broken. Mean À values for the groups 
treated with the diluent (control group), 
NDGA, nafazatrom, and indomethacin, 
were then compared using Student's t 
test. 

The masked sections were also examined 
at X160 to determine the number of multi- 
nucleated giant cells per high-power 
field—a figure obtained by dividing the 
total number of giant cells by the total 
number of high-power fields. The entire 
choroid (ten to 19 fields) was examined to 
determine the total number of giant cells 
in a representative cross section of each 
eye. Numbers varied from field to field due 
to inconsistency in choroidal thickness as a 
result of inflammatory reaction. 


RESULTS 


Histopathologically, the right enu- 
cleated eyes of all animals showed 
disruption of the anterior lens capsule 
with fragmentation of cortical lens 
material. The anterior segment 
revealed infiltration by acute and 
chronic inflammatory cells, most 
prominently at the site of lens disrup- 
tion and in the iris, ciliary body, and 
limbie tissue. The control animals 
showed marked, uniform thickening 
of the uveal tract due to infiltration 
by mononuclear cells, epithelioid cells, 
and pigment-containing multinucle- 
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ated giant cells (Fig 1). There was 
focal necrosis in this diffuse form of 
granulematous uveitis. The retina 
was markedly necrotic and showed 
infiltration by acute and chronic 
inflammatory cells In contrast to 
these animals, the rats treated with 
nafazatrom and NBGA showed focal 
thickening of the choroid with infil- 
tratiom by mononuclear cells, a few 
epithelioid cells, and occasional 
multinucleated giant cells (Fig 2). 
Retinas in the treated animals showed 
necrosis and infiltration by acute and 
chronic inflammatory cells, similar to 
that seen in the control animals. Ani- 
mals treated with indomethacin 
showec features similar to those 
observed in the centrol group, but 
with prominent giant-cell formation. 

The morphometr® analysis of uveal 
thickness from granulomatous in- 
flammation reveased a choroidal 
thickness of 46.65 + 9.08 um (mean + 
SD) in control, dilaent-injected ani- 
mals; 34.46 + 3.72 um in NDGA- 
treated animals; 27.02 + 5.76 um in 
the nafazatrom-treated animals; and 
48.38 + 7.86 um in he indomethacin- 
treated animals. The difference in 
choroidal thickness in NDGA-treated 
rats, when compared with the control 
group, was significant at P < .025; a 
marked difference (P < .005) was like- 
wise revealed in animals treated with 
nafazatrom. There was no significant 
difference betweer the choroidal 
thickness of control animals and those 
treated with indomethacin. Choroidal 
thickness in the lefz, uninflamed eye 
of these animals was 14.0 + 1.0 um 
(Table 1). 

The number of giant cells per high- 
power field (per choroid) was 0.313 + 
0.1709 in the eontrol animals; 
0.2531 = 0.0856 in the nafazatrom- 
treated group, 0.1828 + 0.0822 in the 
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NDGA-treated group, and 0.6983 + 
0.4851 in the indomethacin-treated 
group. The mean number of giant cells 
in the untreated control group was 
compared with those of the treatment 
groups using Student's t test (Table 2). 
There was a significant increase in 
the number of giant cells in the indo- 
methacin-treated group (P «.001), 
while a significantly decreased num- 
ber (P <.001) was noted in animals 
treated with nafazatrom and NDGA. 


COMMENT 


Inhibition of the lipoxygenase path- 
way of arachidonic acid metabolism 
clearly modulates expression of the 
granulomatous choroiditis that ac- 
companies experimental phacoana- 
phylactic endophthalmitis in the BN 
rat. There was no obvious qualitative 
change in the characteristics of the 
choroidal inflammation, but there 
was a reduction in the granulomatous 
component. Based on observations in 
other systems, it is reasonable to infer 
that some of the inflammation-modu- 
lating properties of lipoxygenase 
inhibitors result from direct effects 
on macrophages; however, this does 
not preclude additional effects on 
uveal melanocytes that have under- 
gone morphologic changes and ac- 
quired macrophagelike characteris- 
tics. 5? 

It has been demonstrated that 
lipoxygenase inhibitors both interfere 
with macrophages’ production of 
lipoxygenase products and alter the 
expression of Ia antigens on granulo- 
ma macrophages.* Ia antigen-posi- 
tive macrophages are involved in lym- 
phocyte stimulation, mixed lympho- 
cytic reactions, and the generation of 
cytotoxic effector cells. Lipoxygenase 
inhibitors have been shown to inter- 
fere with each of these functions.?!'! 
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It has been suggested that the lym- 
phokine-stimulated expression of Ia 
antigens on macrophages may be 
modulated by lipoxygenase inhibi- 
tors.^^ 

Numerous nonsteroidal, anti-in- 
flammatory drugs with anticyclo-oxy- 
genase activity have been developed 
for the treatment of inflammatory 
diseases. The cyclo-oxygenase deriva- 
tives have been shown to be involved 
primarily in vasodilatory events,? and 
the products generated by the lipoxy- 
genases have been shown to have 
potent proinflammatory functions, 
such as chemotaxis, vasodilation, and 
induction of lysosomal enzyme re- 
lease.^*'^5 Products of lipoxygenase 
have therefore been implicated as 
important determinants in the in- 
flammatory process.5'4? 

Our study supports the hypothesis 
that arachidonic acid metabolites of 
lipoxygenase are important inflam- 
matory mediators in the development 
of the granulomatous process of 
experimental uveitis. In contrast, 
cyclo-oxygenase products appear to be 
anti-inflammatory and seem to sup- 
press the development of multinucle- 
ated giant cells in granulomatous uve- 
itis. The development of specific lipox- 
ygenase antagonists may thus provide 
an effective therapeutic tool in the 
treatment of granulomatous uveal 
inflammations. It is further suggested 
that cyclo-oxygenase inhibitors, such 
as indomethacin, may not prove to be 
effective anti-inflammatory agents 
but rather may enhance the granulo- 
matous process. 
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Isotretinoin in Lacrimal Gland Fluid and Tears 


Vivian Rismondo, MD, John L. Ubels, PhD 


e Isotretinoin (13-cis-retinoic acid) is 
used in the treatment of severe cystic 
acne. Adverse ocular reactions, including 
blepharoconjunctivitis and dry eye symp- 
toms, are frequent side effects of this 
drug. Our previous observation that reti- 
nol is present in tears and lacrimal gland 
fluid suggests that isotretinoin may also 
be secreted by the lacrimal gland. Rabbits 
were treated with isotretinoin, and lacri- 
mal gland fluid was collected from the 
cannulated lacrimal gland duct. Tears 
were collected from patients who were 
being treated with isotretinoin. Lacrimal 
gland fluid and tears were analyzed by 
reverse-phase high-pressure liquid chro- 
matography and a peak eluted from each 
sample, which was identified as isotreti- 
noin. We conclude that the lacrimal gland 
is able to secrete isotretinoin in addition 
to retinol and that, in animals and patients 
treated systemically with isotretinoin, the 
ocular surface is exposed to the drug via 
the tear film. 

(Arch Ophthalmol 1987; 105:416-420) 


poo retinoin (13-cis-retinoic acid, Ac- 
cutane, Hoffmann-La Roche Inc, 
Nutley, NJ), administered orally, is 
used for the treatment of severe recal- 
eitrant cystic acne and other keratin- 
izing dermatoses." Therapeutic ef- 
fects of the drug include decreased 
sebum production, changes in surface 
lipid composition, and inhibition of 
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keratinization. Although the drug is 
very effective in treatment of acne, 
multiple adverse side effects of iso- 
tretinoin, including dry skin and 
mucous membranes, hair loss, colitis, 
pseudotumor cerebri, skeletal hyper- 
ostosis, and teratogenic effects, have 
been reported.’ 

Adverse side effects that affect the 
ocular surface, including blepharocon- 
junctivitis, dry eye symptoms, contact 
lens intolerance, and subepithelial 
corneal opacities, are among the more 
frequent complications of the drug.' 
Milson et al reported blepharocon- 
junctivitis in 43% of patients receiv- 
ing 2 mg/kg/d of isotretinoin and in 
20% of patients receiving 1 mg/kg/d 
of the drug. Fraunfelder et al* re- 
ported on adverse ocular reactions in 
237 patients, the most common being 
blepharoconjunctivitis or meibomia- 
nitis (37% ), dry eye symptoms (20% ), 
blurred vision (17%), contact lens 
intolerance (8%), and corneal opaci- 
ties (5%). 

It has been reported that isotreti- 
noin decreases tear break-up time, 
possibly due to decreased lipid content 
of the tears. The possibility that iso- 
tretinoin may decrease the normal 
keratinization of the eyelids, allowing 
increased colonization of Staphylococ- 
cus aureus and, thus, the likelihood of 
blepharoconjunctivitis, has also been 
discussed’; however, the exact mecha- 
nism of the effect of isotretinoin on 
the ocular surface is unknown. 

We previously reported that vita- 
min A is present in the tear fluid as 
the all-trans isomer of retinol* and 
that the lacrimal gland is the source 
of this retinol? Since the lacrimal 
gland is capable of transporting and 
secreting retinol, it may be capable of 
secreting other retinoids. It has been 
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observed that radioactivity is detect- 
able in the lacrimal gland seven days 
after administration of an oral dose of 
"C-isotretinoin.? This suggests that 
isotretinoin may also be secreted by 
the lacrimal gland and reach the ocu- 
lar surface via the tear film. A 
decrease in stability of the tear film 
due to the presence of isotretinoin or a 
toxic effect of isotretinoin on the cells 
of the ocular surface may, then, be 
responsible for the adverse ocular 
reactions. This problem was ap- 
proached by administering isotreti- 
noin to rabbits and analyzing lacrimal 
gland fluid by high-pressure liquid 
chromatography (HPLC) and by col- 
lecting and analyzing tears of patients 
with acne treated with isotretinoin to 
determine whether the drug is present 
in the tear fluid. 


METHODS 


New Zealand white rabbits were treated 
orally with isotretinoin at the following 
dosages: 2.3 mg/kg/d (10 mg once per day 
in 4.3-kg rabbits) for seven and 15 days, 6 
mg/kg/d (10 mg twice per day in 3.3-kg 
rabbits) for seven days, and 30 mg/kg/d 
(50 mg twice per day in 3.3-kg rabbits) for 
1%, three, and five days. The low dosages 
were chosen to approximate the clinical 
dosage, while the higher dosages were cho- 
sen based on the toxicologic data of 
Kamm." 

Rabbits were anesthetized with ket- 
amine hydrochloride (30 mg/kg) and xyla- 
zine (4 mg/kg) one hour after the final dose 
of isotretinoin. Anesthesia was maintained 
by additional doses of ketamine and xyla- 
zine every 30 minutes throughout the 
experiment. The lacrimal duct was cannu- 
lated with a tapered glass cannula as pre- 
viously described.*? The cannula is 6 to 10 
mm long with an inner diameter of 1 mm 
at the open end and an outside diameter of 
0.3 to 0.5 mm at the tapered end. The left 
femoral vein or the marginal ear vein was 
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Fig 1.— Chromatograrzs of isotretinoin standard (left) and isotretinoin peaks (arrows) in plasma 
extract (center) and acrimal gland fluid (right) from rabbit treated with 30 mg/kg/d of 
isotretinoin for five days. Unidentified metabolite (asterisks) was also detected. Mobile phase 
MeOH-B.,O, 85%:15% AU indicates absorbance unit. 
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Fig 2.— eft, Absorbanee spectrum from 300 to 400 nm of isotretinoin standard. Spectrum was 
obtainec by scanning peak as it passed through flow cell of high-pressure liquid chromatography 
detector Right, Absorbance spectrum from 300 to 400 nm of isotretinoin peak in 50 uL of rabbit 
lacrimal gland fluid. Absorbance maximum of both spectra is 340 nm. AU indicates absorbance 


unit. 


catheterized, and, following intravenous 
stimulation with pilocarpine (200 to 300 
mg/kg), lacrimal gland fluid was collected 
from the cannula using an L-shaped glass 
pipette.*” A dose of pilecarpine was admin- 
istered every hour for six hours, and, 
immediately following each dose, 50 to 70 
uL of lacrimal gland flvid was collected. At 
the beginning and end of each experiment, 
a blood sample was drzwn, and the plasma 
was extracted with methanol (1:1). The 
extracts were centrrFuged and filtered 
prior to analysis for retinoids. 

A tota! of 26 patients who were receiving 
isotretinoin treatment for dermatologic 
disease participated in the study. Tears 


Arch OpBthalmol—Vol 105, March 1987 


were collected from 15 patients (12 women 
and three men ranging from 20 to 30 years 
old) treated with isotretinoin (0.75 to 1.0 
mg/kg/d) for acne for two weeks to four 
months. Tears were also collected from one 
patient (41-year-old man) treated with iso- 
tretinoin (0.50 mg/kg/d) for psoriasis for 
11 months. Tears were collected in 10-uL 
microcapillary tubes by everting the lower 
eyelids and collecting tear volumes of 18 to 
90 uL from the lower cul-de-sac. No 
attempt was made to collect basal tears. 
The tear samples were transferred to 400- 
uL microcentrifuge tubes and centrifuged 
for five minutes at 13000 g to remove 
particulate matter from the samples. It 





was not possible to obtain an adequate tear 
sample for analysis from ten patients who 
participated in the study. 

Samples of lacrimal gland fluid, tears, 
and plasma extracts were analyzed for 
retinoids by HPLC as previously de- 
scribed*? using an octadecylsilane re- 
versed-phase column and a methanol- 
water, 10-mmol/L ammonium acetate 
mobile phase at a flow rate of 1 mL/min. 
The detector was set at a wavelength of 340 
nm and a sensitivity of 0.005 absorbance 
units full scale for lacrimal gland fluid and 
tear samples. For plasma samples the sen- 
sitivity was changed to 0.02 absorbance 
units full scale. Absorbance spectra were 
obtained by scanning the retinoid peaks as 
they passed through the flow cell of the 
detector. 

Isotretinoin, 4-oxo-isotretinoin, and all- 
trans retinol standards were dissolved in 
HPLC-grade methanol at concentrations 
of 0.25 X 10 to 1.0 X 107* mol/L. Retinoid 
concentrations in the biological samples 
were determined from a standard curve 
based on peak height.* 

All experiments were conducted in a 
room equipped with amber lights to pro- 
tect the retinoids from exposure to ultravi- 
olet radiation. 

RESULTS 

Chromatographic analysis of sam- 
ples of lacrimal gland fluid collected 
from rabbits that had been treated 
with isotretinoin resulted in elution of 
a peak that had an identical retention 
time to that of an authentic isotreti- 
noin standard (Fig 1). Scanning of 
this peak from 300 to 400 nm showed 
that the peak has an absorption spec- 
trum and absorbance maximum of 340 
nm, which corresponds to the isotreti- 
noin standard (Fig 2). This peak was 
absent from the lacrimal gland fluid 
of rabbits not treated with isotreti- 
noin. It was concluded from these data 
that isotretinoin was present in the 
lacrimal gland fluid of the treated 
rabbits. 

Isotretinoin levels in lacrimal gland 
fluid of rabbits treated with low dos- 
ages of the drug (23 mg/kg/d for 
seven and 15 days or 6 mg/kg/d for 
seven days) were not significantly dif- 
ferent from one another (Table 1). 
When rabbits were treated with high 
dosages (30 mg/kg/d) for durations of 
1.5 to 5 days, the isotretinoin levels 
were significantly higher than at the 
low dosages and reached a steady 
state in the lacrimal gland fluid by 
day 3. Isotretinoin was not detectable 
in lacrimal gland fluid following a 
single 50-mg dose, and treatment at 30 
mg/kg/d for seven days resulted in 
signs of toxicity (hair loss, malaise). 

Chromatographic analysis of rabbit 
plasma samples also showed the pres- 
ence of isotretinoin (Fig 1). As ex- 
pected, the plasma levels of isotreti- 
noin were directly related to dosage 
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Table 1.—Isotretinoin in Lacrimal Gland Fluid and Plasma of Rabbits 


Plasma 





———————— "nnn eee 


Dosage, Duration of Isotretinoin, 
mg/kg/d* Treatment, d yg/dLt (umol/L) 


No. of No. of 
Samples Isotretinoin, Samples 
Analyzed ug/dLt (umol/L) Analyzed 


2.3 7 2.45 + 0.59 (0.11)1 17 13.67 + 5.15 (0.51) 9 
2.3 15 1.39 + 0.13 (0.05) 22 7.07 + 1.31 (0.28) 11 
T 1.51 + 0.1 (0.06)1 2 35.29 + 3.60 (1.31) 9 

O 


6 
30 1.5 
30 3 
5 


7 
3.20 + 0.41 (0.12)§ 29 
5.15 + 0.66 (0.19)| 30 

31 


31.47 + 4.29 (1.21) 1 
71.87 + 17.69 (2.66) 10 
1 


30 5.51 + 0.66 (0.20)| 127.68 + 18.15 (4.72) 1 


* There were five rabbits in each dosage group. 
TMean + SEM. 


These values were not significantly different from each other (analysis of variance, P = .05). 
SThis value was significantly different from the other lacrimal gland fluid values in this column (analysis of 


variance, P < .05). 


These values were not significantly different from each other (analysis of variance, P = .05). 


2 4 583,5 10 12^ 14 


mL 


50 uL of 0.5 X 10^* mol/L of Isotretinoin 


0.001 AU 
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2 4 38 © 10 12 14 


mL 


50 uL of Human Tears 


Fig 3.— Chromatograms of isotretinoin standard (left) and isotretinoin peak (arrow) in tears 
(right) from an acne patient treated with 40 mg/d of isotretinoin for two months. 4- 
Oxo-isotretinoin (solid circle) and unidentified metabolite (asterisk) were also detected in tear 
sample. Mobile phase MeOH-H;O, 85.5%:17.5%. AU indicates absorbance unit. 


and duration of therapy (Table 1). 
Isotretinoin was also identified in 
the tears of patients receiving isotre- 
tinoin therapy (Fig 3). The isotreti- 
noin concentration in tears of patients 
with acne was 2.64 + 0.22 ug/dL (0.1 
pmol/L) (n= 14). The patients with 
acne were divided into groups based 
on duration of isotretinoin therapy: 
one, two, three, and four months. 
Comparison of isotretinoin levels in 
the tears of these groups showed that 
the concentration was not related to 
duration of therapy (Table 2). Isotre- 
tinoin was also detected in tears of 
one patient who had been taking iso- 


tretinoin for 11 months for psoriasis 
(Table 2). 


We were unable to collect tears 
from ten patients who were experienc- 
ing dry eye symptoms. Two of these 
patients were unable to continue 
wearing contact lenses because of dry 
eye problems. 

In addition to the isotretinoin peak, 
several other chromatographic peaks 
with elution times and absorbances 
corresponding to retinoids were also 
detected in lacrimal gland fluid and 
tears (Figs 1, 3, and 4). One peak was 
identified in rabbit lacrimal gland flu- 
id as 4-oxo-isotretinoin, the major 
metabolite of isotretinoin, because its 
retention time and absorbance maxi- 
mum (355 nm) were identical to those 
of an authentic 4-oxo-isotretinoin 
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standard (Fig 4). 4-Oxo-isotretinoin 
was also detected in human tears (Fig 
3). Another peak more polar than 
isotretinoin was also detected, but it 
has not yet been identified (Figs 1, 3, 
and 4). 

Lacrimal gland fluid was also ana- 
lyzed for retinol to determine whether 
isotretinoin interferes with normal 
retinol secretion by the lacrimal 
gland. Retinol was detected at a con- 
centration of 4.64 + 0.46 ug/dL (0.16 
umol/L) (n=831) in lacrimal gland 
fluid samples from six rabbits treated 
with isotretinoin at 30 mg/kg/d for 
five days (Fig 5). 


COMMENT 


The results of this study show that 
isotretinoin is present in lacrimal 
gland fluid and tears of rabbits and 
patients treated with isotretinoin. 
This conclusion is based on the follow- 
ing evidence: (1) the presence of a 
chromatographic peak with the same 
retention time as an isotretinoin stan- 
dard, (2) an absorbance spectrum and 
absorbance maximum (340 nm) that 
correspond to those of an authentic 
isotretinoin standard, and (3) the 
absence of this peak from the lacrimal 
gland fluid of animals not treated 
with isotretinoin. We previously 
reported that tretinoin (retinoic acid) 
is not detectable in tears. Both iso- 
mers of retinoic acid, tretinoin (all- 
trans) and isotretinoin (13-cis), occur 
naturally in mammals. However, cir- 
culating plasma levels are extremely 
low (<0.5 ug/dL) and not reliably 
detectable by the methods used in the 
present study.^ Of the retinoic acid 
naturally present in plasma, 75% is 
present as tretinoin, and it can there- 
fore be concluded that any isotreti- 
noin detected in lacrimal gland fluid, 
tears, or plasma in the present study 
was the result of the pharmacologic 
dosage administered. 

The concentration of isotretinoin 
that is reached in rabbit lacrimal 
gland fluid is dose related and within 
the normal range of the levels of 
retinol in lacrimal gland fluid that we 
previously reported.’ Although no dif- 
ferences in isotretinoin levels in lacri- 
mal gland fluid of rabbits treated 
with 2.3 or 6 mg/kg/d of the drug were 
detected, significantly higher levels of 
isotretinoin were reached during 
treatment at 30 mg/kg/d. 

Plasma levels of isotretinoin in the 
present study were within the range 
reported in previous studies of reti- 
noid pharmacokinetics’ and reflect 
the dosage administered. The isotreti- 
noin concentration in lacrimal gland 
fluid appears to be related in part to 
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Table 2.—Ilsotretinoin in Tears of Patients Treated 
With 0.75 to 1.0 mg/kg/d of Isotretinoin 


Duration of 
Treatment, mo 


Psor'asis 


*Mean + SEM. 


4:Oxo-isotretinom 


! 


Isotretinoin 


0.001 AU 





No. of 
Patients 


Isotretinoin, 
ug/dL* (umol/L) 


3.15 + 0.25 (0.12) 
2.72 + 0.66 (0.10) 
2.38 + 0.51 (0.09) 
4.19 (0.15) 


4-Oxo-isotretinoin Isotretinoin 
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mL 
50 uL of 1 X 10^? mol/L of Standards 





2 4 6 8 10 12 14 16 18 20 22 
mL 
50 uL of Lacrimal Gland Fluid 


Fig 4.—€hromatograms of 4-oxo-isotretinoin and isotretinoin standards (left) and corresponding 
peaks in rabbit lacrimal 3land fluid (right). Unidentified metabolite (asterisk) was also detected. 
Mobile phase MeOH-H;O, 82.5%:17.5%. AU indicates absorbance unit. 


plasma levels of the drug. A maximal 
level of isotretinoin in lacrimal gland 
fluid is reached after three days of 
treatment at 30 mg kg/d, while plas- 
ma levels continue to rise. This indi- 
cates that there mar be a limit to the 
amount of isotretinein that the lacri- 
mal gland is able to secrete in 
response to pilocaroine stimulation. 
Our studies of retinel secretion by the 
lacrimal gland show that there is a 
strong correlation between retinol 
and protein secretien by the gland.’ 
Since free retinol is unstable in an 
aqueous medium, it seems likely that 
retinol bound to protein is secreted by 
the lacrimal gland. Free isotretinoin 
would also be unstable in lacrimal 
gland fluid and is known to be protein 
bound in plasma." Tae limiting factor 
in determining the maximal concen- 
tration of isotretinoin in lacrimal 
gland may therefore be the ability of 
the gland to process retinoids in addi- 
tion to the retinol that it normally 


Arch Ophthalmol— Vol 105, March 1987 


takes up and secretes. 

The retinol level in lacrimal gland 
fluid of rabbits treated with a high 
dosage of isotretinoin was 4.64 ug/dL 
(0.16 uümol/L). This is in the same 
range as the previously reported reti- 
nol concentration in lacrimal gland 
fluid from normal rabbits of 4.03 ug/ 
dL (0.14 umol/L)? and it is therefore 
concluded that, over the short term 
studied, isotretinoin does not compete 
with normal retinol secretion by the 
lacrimal gland. 

Isotretinoin undergoes significant 
first-pass metabolism to 4-oxo-iso- 
tretinoin, which has steady-state lev- 
els in plasma two to three times higher 
than those of the parent compound." 
Since high levels of the 4-oxo-metabo- 
lite are present in blood, 4-oxo-isotret- 
inoin in lacrimal gland fluid probably 
represents uptake and secretion of the 
metabolite by the gland rather than 
metabolism of isotretinoin by the 
gland itself. In contrast to plasma, the 






| Isotretinoin 
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0.001 AU 
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mL 
Fig 5.—Chromatogram of 50 uL of lacrimal 
gland fluid from rabbit treated with isotretinoin. 
Peaks identified as retinol and isotretinoin 
coeluted with authentic standards. Mobile 
phase MeOH-H;O, 90%:10%. AU indicates 
absorbance unit. 


4-oxo-isotretinoin coneentration in 
lacrimal gland fluid is less than or 
equal to the isotretinoin concentration 
as determined by the comparison of 
peak heights on ehromatograms. 

A second metabolite of isotretinoin 
with a retention time intermediate to 
isotretinoin and  4-oxo-isotretinoin 
was also detected in lacrimal gland 
fluid and tears. The isotretinoin con- 
jugate, isotretinoin-@-glucuronide, 
has been identified as a biliary metab- 
olite of isotretinoin.'’ Glucuronidation 
of tretinoin (all-trans-retinoic acid) is 
known to occur in intestinal mucosa.” 
The chromatographic characteristics 
(retention time) of the 8-glucuronides 
in the cited studies are similar to 
those of the metabolite observed in 
the present study; however, further 
investigation is required to confirm 
the presence of isotretinoin-8-glucu- 
ronide in lacrimal gland fluid and 
tears following oral isotretinoin 
administration. 

The isotretinoin levels in tears of 
humans treated for one to four 
months with 0.75 to 1.0 mg/kg/d of 
isotretinoin did not differ significant- 
ly. Although we have not yet followed 
up isotretinoin levels in human tears 
longitudinally during treatment, our 
data indicate that isotretinoin levels 
remain constant in the tears during 
the usual period of treatment. This is 
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ps in agreement with our "Anima data 
and also with pharmacokinetic 


.noin in humans, which are also con- 
_ stant during long-term treatment." 
= The presence of isotretinoin in the 
| tears may contribute in part to the 
. adverse ocular side effects of this 
E mug It has been suggested that iso- 
i tretinoin may decrease lipid secretion 
DES by the meibomian glands, reducing 
= the lipid layer and increasing the 


= evaporation rate of the tear film.* The 
= A actual presence of isotretinoin in the 
2 . tear fluid would tend to compound 
= this problem by further destabiliza- 
. tion of the tear film due to the lipolyt- 
E. de properties of retinoids. This insta- 
E bility of the tear film would cause 
M - formation of dry spots and would be 
Ww ~ responsible, in turn, for dry eye symp- 
. toms, contact lens intolerance, and 
. conjunctival irritation accompanying 
 isotretinoin treatment. 
Isotretinoin in the tear fluid may 
» also have a direct effect on the cells of 
= A the conjunctiva. Tretinoin is reported 
= to be effective in the treatment of 
.  xerophthalmia, conjunctival squa- 
. mous metaplasia, and corneal epithe- 
. lial defects when applied topically in 
ol or ointment vehicles.” In spite of 
. the therapeutic value of tretinoin in 


EC L 


l. Peck GL, Olsen TG, Yoder FW, et al: Pro- 
longed remissions of cystic and conglobate acne 
= with 13-cis-retinoic acid. N Engl J Med 1979: 
E. .300:329-333. 
= Er 2 Dicken CH, Connolly SM: Systemic reti- 
due Eu in dermatology. Mayo Clin Proc 1982:57:51- 


; Pi. AEA . 8. Dicken CH: Retinoids: A review. J Am Acad 
2 |. Dermatol 1984;11:541-552. 

— . ..4. Fraunfelder FT, LaBraico JM, Meyer SM: 
ar M Averse ocular reactions possibly associated 

2 (with isotretinoin. Am J Ophthalmol 1985;100:534- 
+ b87. 

5. Milson J, Jones DH, King K, et al: Ophthal- 
ae mological effects of 13-cis-retinoic acid therapy 
z for acne vulgaris. Br J Dermatol 1982:107:491. 

— . 6. Ensink BW, Van Vorst Vader PC: Ophthal- 

" =  mological side-effects of 13-cis-retinoic therapy. 
BrJ Dermatol 1983;108:627. 

T. Blackman MJ, Peck GL, Olsen TG, et al: 
= Blepharoconjunctivitis: A side effect of 13-cis- 
retinoic acid therapy for dermatologic diseases. 
; 21 Ophthalmology 1979:86:753-758. 

: E . 8. Ubels JL, Mac Rae SM: Vitamin A is present 


4 i 
M as fetinol in the tears of rabbits and humans. 


M 





E aj 
ES 
JN LA 





all of these studies, conjunctival injec- 
tion, irritation, and lid hyperemia, 
which were dose related, were 
observed as side effects of the treat- 
ment. Therefore, it appears that both 
isomers have similar side effects 
when in contact with the ocular sur- 
face. 

There are conflicting reports on the 
effect of isotretinoin therapy on pro- 
duction of the aqueous component of 
tears. Two brief reports disagree on 
the effect of isotretinoin treatment on 
Schirmer's test results in patients 
experiencing adverse effects of the 
drug. Kamm” reported marked epi- 
phora in dogs treated with 60 mg/ 
kg/d of isotretinoin for one year. In 
contrast, we observed what appears to 
be a low rate of tear production in 
patients with dry eye symptoms, as 
we were not able to collect an ade- 
quate tear sample for analysis (720 
uL) from most of these patients. Since 
tear production was not evaluated in 
these patients prior to and following 
the conclusion of isotretinoin therapy, 
it is unknown whether the low aque- 
ous tear volume was a direct result of 
the drug therapy. Further controlled 
studies of tear production before, dur- 
ing, and following isotretinoin thera- 
py are necessary to understand the 


References 


Curr Eye Res 1984;3:815-822. 

9. Ubels JL, Foley KM, Rismondo V: Retinol 
secretion by the lacrimal gland. Invest Ophthal- 
mol Vis Sci 1986;27:1261-1268. 

10. Physicians’ Desk Reference, ed 40. Oradell, 
NJ, Medical Economics Books, 1986, p 1469. 

11. Kamm J: Toxicology, carcinogenicity and 
teratogenicity of some orally administered reti- 
noids. J Am Acad Dermatol 1982;6:652-659. 

12. Dartt DA, Botelho SY: Protein in rabbit 
lacrimal gland fluid. Invest Ophthalmol Vis Sci 
1979;18:1207-1209. 

13. Carney LG, Hill RM: Human tear buff- 
ering capacity. Arch Ophthalmol 1979;97:951- 
952. 

14. Napoli JL, Pramanic BC, Williams JB, et 
al: Quantification of retinoic acid by gas-liquid 
chromatography-mass spectroscopy: Total ver- 
sus all-trans-retinoic acid in human plasma. 
J Lipid Res 1985;26:387-392. 

15. Brazzell RK, Colburn WA: Pharmacokinet- 
ics of the retinoids isotretinoin and etretinate. 
J Am Acad Dermatol 1982;6:643-651. 

16. Ubels JL, Rismondo V: Correlation of 
secretion of retinol and protein by the lacrimal 


raz uw ~ " . d 
) z PUE ERAT. im er 


- NU di. Beare ater 


e je 





Lc ae 


possible direct effects of isotretinoin 
on tear secretion. The rabbits in the 
present study appeared to have nor-. 
mal lacrimal gland function; however, 
none of these animals was treated 
with isotretinoin for more than 15 
days. It will be of value to assess the 
effect of long-term isotretinoin treat- 
ment on lacrimal gland function using 
our lacrimal gland duct cannulation 
model following treatment of rabbits 
with isotretinoin for the four- to six- 
month period used clinically. 

In conclusion, isotretinoin is 
present in the tear film during treat- 
ment with this drug and is secreted by 
the lacrimal gland. Exposure of the 
ocular surface to isotretinoin via the 
tear fluid may be related in part to the 
adverse ocular side effects of isotreti- 
noin therapy. 
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Hereditary Benign Intraepithelial Dyskeratosis 


37-year-old woman presented with 

red irritated eyes (Fig 1). Examina- 
tion of both eyes revealed prominent ele- 
vated white perilimbal keratotic plaques 
nasally and temporally and marked hyper- 
emia confined to the interpalpebral bulbar 
conjunctiva (Figs 2 and 3). A similar 
plaque was found in the buccal mucosa. 

The patient had developed similar 
lesions at age 3 years, which were excised 
when she was 11 years old. The lesions had 
gradually recurred, producing continual 
irritation. The patient was a Haliwa Indi- 
an, who traced her ancestry to North Car- 
olina. Several family members had identi- 
cal lesions. 

The lesions in both eyes were excised. 
Histopathologic findings disclosed focal 
plaques of markedly acanthotic conjuncti- 
val epithelium with hyperkeratosis and 
prominent dyskeratosis (Figs 4 and 5). A 
moderately intense infiltrate of chronic 
inflammatory cells was present beneath 
the intact epithelial basement membrane. 
These findings were characteristic for 
hereditary benign intraepithelial dyskera- 
tosis. 


COMMENT 


Hereditary benign intraepithelial 
dyskeratosis is a rare autosomal-dom- 
inant disorder found in 22% to 34% of 
Haliwa Indians, an inbred triracial 
(Indian, black, and white) isolate who 


live in Halifax and Warren counties, 
North Carolina. Hereditary benign 
intraepithelial dyskeratosis has been 
described in other areas of the United 
States and in patients who are not of 
Haliwa ancestry.** Our patient, born 
in Philadelphia of Haliwa ancestry, 
has been described previously.’ 

Clinically, the bulbar conjunctiva 
displays marked interpalpebral hy- 
peremia and white elevated perilim- 
bal plaques nasally and temporally, 
which may extend onto the cornea, 
producing visual loss. Similar plaques 
may involve the buccal mucosa.’ Most 
patients complain of episodic epipho- 
ra and photophobia, especially in the 
spring. Malignant change has not 
been observed. 

Histopathologic findings reveal foci 
of markedly acanthotic, parakeratot- 
ic, and hyperkeratotic conjunctival 
epithelium with prominent dyskerato- 
sis (intraepithelial keratinization of 
single cells). The basement membrane 
is intact, and the engorged substantia 
propria is chronically inflamed. 

The differential diagnosis includes 
actinic keratosis, conjunctival dyspla- 
sia, squamous cell carcinoma, pingue- 
cula and pterygium, vernal conjunc- 
tivitis, and papilloma. 
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No effective therapy is known. Arti- 
ficial tears, topical corticosteroids, 8- 
irradiation, or surgical excision pro- 
vide temporary relief.‘ Recurrence is 
common. 


This work was supported in part by the Ocular 
Oncology Fund and the Oncology Research Fund, 
Wills Eye Hospital, and in part by the Black 
Patch Invitational Golf Tournament, Downing- 
ton, Pa. 

The patient was referred by Donald Feretti, 

D. 


C. LALLY SHIELDS, MD 
JERRY A. SHIELDS, MD 
RALPH C. EAGLE, JR, MD 
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Fig 1.— Marked hyperemia is confined to interpalpebral bulbar conjunc- 


tiva. 
a 
»> 
Fig 2.—Right eye showing white elevated perilimbal plaques and 
interpalpebral hyperemsa. 
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Fig 4.—Markedly thickened hyperkeratotic and parakeratotic conjunc- 
tival epithelium at left contrasts with relatively normal epithelium at 
right. Arrow indicates abrupt margin of conjunctival plaque (hematoxy- 
nl lin-eosin, X25). 
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Fig 3.—In left eye, white superior conjunctival contrasts markedly with 
intensely hyperemic interpalpebral zone. Keratotic plaque is present at 
5-o'clock position. 
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Fig 5.— Characteristic intraepithelial dyskeratotic cells with pyknotic 
nuclei (arrows) are seen under higher magnificabon (hematoxylin- 
eosin, X250). 
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Semiconductor Laser 


Endophotocoagulation of the Retina 


Carmen A. Puliafito, MD; Thomas F. Deutsch, PhD; James Boll, MEng; King To, MD 


@ Laser endophotocoagulation is an 
important technique in vitreoretinal sur- 
gery. We performed successful retinal 
endophotocoagulation in the eyes of 
Dutch-belted rabbits, using high-power 
phased-array semiconductor lasers, emit- 
ting at 808 and 817 nm. The laser itself 
measured 25 X 30 X21 mm, was air 
cooled, and was portable. At a treatment 
power of 100 mW, uniformly white photo- 
coagulation lesions were seen at expo- 
sure durations of 0.2 to 1.0 s. Lesions 
were similar in appearance to argon laser 
photocoagulation lesions, as determined 
by ophthalmoscopy and fluorescein angi- 
ography. Thin-section histologic examina- 
tion of acute lesions revealed injury local- 
ized to the outer retina; chorioretinal scar 
formation was noted ten days after photo- 
coagulation. To our knowledge, this study 
is the first in which therapeutically useful 
lesions were produced using a diode laser 
and demonstrates the feasibility of using 
these highly efficient and compact laser 
sources for ophthalmic photocoagula- 
tion. 

(Arch Ophthalmol 1987;105:424-427) 


T aser photocoagulation of the retina 

using an intraocular probe (en- 
dophotocoagulation) has become an 
important therapeutic tool in vitreo- 
retinal surgery, particularly in the 
management of complicated retinal 
detachment, proliferative vitreoreti- 
nopathy, and diabetic retinopathy.'* 
The argon-ion laser (emitting in the 
blue-green [488 nm] or green [514 nm] 
range) is the most frequently used 
laser source for endophotocoagula- 
tion, although the use of continuous- 
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wave neodymium (Nd)-YAG, krypton, 
and carbon dioxide lasers for this 
application has also been proposed.*? 
One practical difficulty is that the 
operation of argon-ion laser endopho- 
tocoagulators requires substantial 
amounts of electrical power and, in 
some instances, water cooling. 

Semiconductor diode lasers have a 
number of characteristics that make 
them attractive for medical applica- 
tion. These favorable characteristics 
include extremely compact size, rela- 
tively high electrical-to-optical con- 
version efficiency, and the potential 
for extremely long operating life- 
times. Until recently, however, a great 
drawback of these lasers has been 
their relatively low-power output, ie, 
few milliwatts. Recently, semiconduc- 
tor diode lasers, emitting continuous 
wave (CW) powers as high as 500 mW, 
have become commercially available, 
and experimental units with CW pow- 
ers in excess of 2.5 W have been 
described." Even higher outputs of 
11 W quasi-CW have been described 
for laboratory units emitting 150-us- 
long pulses.? These high-power semi- 
conductor devices consist of a phased 
array of gallium-aluminum-arsenide 
(GaAlAs) semiconductor diodes emit- 
ting near 800 nm. We demonstrated 
successful retinal  endophotocoag- 
ulation using a commercial semicon- 
ductor laser diode system. 


MATERIALS AND METHODS 


Two CW GaAlAs laser diodes (Spectra 
Diode Labs, Palo Alto, Calif; models SDL- 
2410-D2 and SDL-2420-H2) were used in 
these experiments. Each laser was coupled 
to a 100-um core diameter optical fiber. 
One laser emitted at 808 nm and had a 
peak output of 50 mW at the end of the 
fiber. Figure 1, top, shows this laser diode 
mounted on a finned thermal radiator, 
which serves as a cooling heat sink. In its 
package, the laser diode measured 
25 X 30 X 21 mm. The second laser emitted 
at 817 nm and had a nominal rated output 
at the fiber end of 100 mW, although up to 
170 mW was obtained by operating above 
the manufacturer's recommended maxi- 
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mum current. The laser was mounted with 
a power supply and electronies inside a 
compact protective housing (Fig 1, bot- 
tom). The power supply provided current 
pulses of up to 800 mA at pulse durations 
that could be varied from 20 ms to 2 s. The 
output at the fiber end was measured using 
a power meter (Scientech, Boulder, Colo; 
model 365). 

The profile of the beam emerging from 
the fiber was measured in air using a video 
camera (Pulnix TM 34KA, Antronics, 
Waltham, Mass) whose video output was 
displayed in an oscilloscope (Tektronix, 
Beaverton, Ore; model 7834). The oscillo- 
scope display served to give an intensity- 
vs-position plot along a beam diameter. 
Measurements of beam diameter were 
made with the end of the fiber between 0 
and 4 mm from a lightly frosted plastic 
plate, which served to make the beam 
pattern visible. The full angle divergence 
of the beam was 20° at the half-intensity 
points; this angle is smaller than the 
acceptance angle of the fiber, which corre- 
sponds to the zero-intensity points of the 
beam. The acceptance angle, 35°, was 
obtained from sin 0 = NA, where NA is the 
numerical aperture of the fiber, 0.3, and 8 
is half of the acceptance angle. It can be 
shown that in the vitreous, the acceptance 
angle is reduced by 1/n, where n is the 
refractive index of the vitreous, 1.34. The 
measured beam diameter in air, 2 mm 
from the end of the fiber, 860 um, can be 
used to calculate the beam diameter on the 
retina at the same distance, approximately 
700 um. The measurement of the beam 
diameter allows an estimate of the radiant 
energy dose required to obtain a photoco- 
agulation lesion of clinical intensity. 

The optical fiber was introduced into the 
eye through the barrel of a 20-gauge nee- 
dle, which was used to make a selerotomy 6 
mm from the limbus to avoid the crystal- 
line lens. With the needle in the vitreous, 
the fiber was carefully advanced through 
the needle by advancing the plunger on the 
syringe. The advancement of the fiber was 
visualized under an operating microscope 
with a flat fundus contact lens (Ocular 
Instruments OGFA, Bellevue, Wash) on 
the eye. 

Experiments were performed in ten eyes 
of five pigmented (Dutch-belted) rabbits, 
each weighing an average of 2.0 kg. The 
animals were anesthetized intramuscular- 
ly with ketamine hydrochloride (50 mg/kg) 
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and xylazine (2 mg/kg) and with topical 
proparacaine hydrechloride. The eyes were 
dilated half an hour preoperatively with 
1% tropicamide hrdrochloride and 2.5% 
phenylephrine hydrochloride. 

Phetecoagulation was performed using 
output powers (at the end of the fiber) of 
50, 100, and 170 mW Exposure durations of 
0.1, 02, 0.3, 0.4, €5, 1, and 2 s were 
employed. The tip of the optical fiber was 
kept 20 mm from tl= surface of the retina 
during the exposures. The distance of the 
tip from the retinal .urface was estimated 
using millimeter markings on the optical 
fiber itself. 

Color fundus photographs (Canon ZA 
fundus camera) and fluorescein angio- 
grams, in which 0.5 mL of 10% fluorescein 
sodium was injected into the marginal ear 
vein, were performed one hour after laser 
treatment. Eyes were enucleated from 
deeply anesthetized animals two hours 
(nine eyes) or ten days (one eye) following 
treatment. Animals were killed by intrave- 
nous injection of pentobarbital sodium 
while they were already deeply anesthe- 
tized. 

A full-thickness cut was made at the 
limbus of all enucleated eyes prior to fixa- 
tion. The eyes were then suspended in 2% 
paraformaidehyde ane 2.5% glutaralde- 
hyde in @.1 mol/L sodium cacodylate buff- 
er. Lesions were them dissected out and 
precessed for thin-sect on light microsco- 
py. The lesions were 2»mbedded in JB-4 
methacrylate, sectioned at 2 um, and 
stained with Stevenol's blue. Lesions were 
serially sectioned and examined until the 
center of tke lesion was reached. 
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RESULTS 


At a treatment power of 50 mW, 
uniformly white intense photocoagu- 
lation lesions were achieved at an 
exposure duration of 2 s (Fig 2). At 100 
mW, a threshold lesien (defined as a 
minimal grayish white reaction) was 
achieved at 0.2 s; at exposure dura- | Ee 
tions of 0.2 to 1.0 s, uniformly white A —— : Lu 
photocoagulation lesiens were seen. | 


At 130 mW, a threshold lesion was 
seen at 0.1 s exposure; at exposures of Fig 1.— Top, Laser diode package mounted on finned thermal radiator, which provides cooling. 


0.2 to 1.0 s, mtense white photocoagu- Laser measures 25 X 30 X 21 mm. Bottom, Prototype system with protective housing contain- 
lation riga were seen. No hemor- ing laser and electronics. Optical fiber is threaded through barrel of 20-gauge needle. Diode 
rhages were noted At > —- from the laser identical to one inside housing is shown (arrow) to illustrate small size. 


end of the fiber, 130 mW, the highest 
power used in these experiments, cor- 
responded te an intensity of 34 W/ 
em’. A 0.3-s exposure, which produced 
an intense lesion, corresponded to a 
dose of 10 J/em". On fluorescein angi- 
ography, the lesions were seen to stain 
in the middle- and late-phase views 
(Fig 3). Histologic examination of 
lesions 30 minutes after treatment 
revealed injury localizee to the outer 
retina, with alteration and disorgani- 
zation of photoreceptor elements (Fig 
4). Chorioretinal scar fermation was 
noted on histologic examination of 
specimens tem days after photocoagu- 
lation (Fig 5). 


Fig 2.—Fundus photograph taken 3@ minutes 
after semiconductor laser endophotocoagula- 
tion. Lesions were made using treatment pow- 
er of 45 mW and exposure duration of 2 s. 
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Fig 3.—Fluorescein angiogram of lesions 
illustrated in Fig 2. Angiogram was obtained 
30 minutes after laser photocoagulation. Pho- 
tocoagulation lesions are intensely hyperfiuor- 
escent. 





Fig 4.—Photomicrograph of thin section of 
semiconductor laser photocoagulation lesion. 
Eye was enucleated 30 minutes after treat- 
ment. Injury is particularly noted in outer 
retina, with alteration and disorganization of 
photoreceptor elements. At center of lesion 
(arrow), note folding and alteration of retinal 
pigment epithelial layer. Lesion was made 
using treatment power of 45 mW and expo- 
sure duration of 2 s (Stevenol’s blue, original 
magnification X356). 





Fig 5.—Photomicrograph illustrating choriore- 
tinal scar formation ten days following semi- 
conductor laser photocoagulation. Note 
absence of photoreceptors and adhesion of 
nuclear layer with retinal pigment epithelium. 
Lesion was made using treatment power of 45 
mW and exposure duration of 1 s (Stevenol's 
blue, original magnification * 356). 
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CCMMENT 


Argon-ion laser endophotocoagula- 
tion is an important technique used in 
vitreous surgery to produce a chorio- 
retinal scar around retinal breaks or 
retinotomy sites; it is also used to 
perform  intracperative  panretinal 
photocoagulatior in proliferative dia- 
betie retinopath-z.'*? The argon laser 
has largely supplanted the xenon arc 
endcphotocoagulator, which must be 
placed close to tne retinal surface to 
produce-a lesion and cannot be used in 
an air-filled eye'* From a practical 
standpoint, argon lasers have two dis- 
advantages: (1) they require special, 
high-power electrical service and (2) 
in some cases, taey require external 
water cooling. AEhough the availabil- 
ity of air-cooled argon endophotocoag- 
ulaters has ameliorated the latter 
probtem, the requirement for special 
electrical service remains. 

In our experiments, we found that a 
gallium-arsenidesemiconductor diode 
laser operating ia the 808- to 817-nm 
regicn could be successfully used for 
retinal endophctocoagulation. The 
lesions produced resemble, both oph- 
thalmoseopically and histologically, 
the appearance o^ lesions produced in 
rabbits using argon-ion, krypton-ion, 
and Nd-Y AG laser intraocular photo- 
coagulation, as described by Peyman 
and eo-workers.* The power outputs 
required to produre intense whitening 
with this laser (230 mW for 1 s at 2 
mm) are comparable with those 
reported for experimental argon and 
krypton endophotocoagulation in 
Dutch-belted rabbits (600 mW for 0.2 
s até mm). This inding is somewhat 
unexpected, as the absorbance of mel- 
anin decreases in the near-infrared 
range. However, an unexpectedly low 


l. Peyman GA, Sazano TC, Green JL Jr: 
Argon endolaser. ArcheOphthalmol 1981;99:2031- 
2038. 

2. Fleischman JA, Swartz M, Dixon JA: Argon 
laser endophotocoagulstion: An intraoperative 
trans-pars plana technique. Arch Ophthalmol 
1981; 99:1610-1612. 

3. Fleischman JA, Swartz M, Aaberg T: Argon 
laser endophotocoagulation: Early clinical trials, 
in Henländ P (ed): ACTA of the 24th Internation- 
al Congress of Ophthelmology. New York, JB 
Lippincott, 1983, vol 2, op 766-768. 

4. Lamders MB, Tres» MT, Stefansson E, et al: 
Argon aser intraocular photocoagulation. Oph- 
thalmoiegy 1980;89:785-789. 
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threshold for retinal injury has been 
previously reported in studies employ- 
ing laser radiation in the 800- to 900- 
nm range." 

Furthermore, examination of the 
data of Birngruber et al'* indicates 
that at 514 nm, 96% of the light 
reaching the retina is absorbed (47% 
in the retinal pigment epithelium and 
9276 of the remaining light in the 
choroid). At 800 nm, only 12% of the 
incident light is absorbed in the pig- 
ment epithelium, but 38% of the 
remaining light is absorbed in the 
choroid, leading to a total absorption 
of 46% of the light. Thus, as the 
wavelength increases from 514 to 800 
nm, the laser energy absorbed 
decreases by only an approximate fac- 
tor of two. However, the site of 
absorption moves from the retinal 
pigment epithelium to the choroid. 
Previous studies of the ocular effects 
of diode lasers have been confined to 
studies of retinal injury using pulsed 
diode laser arrays emitting near 900 
nm. 

Not only was the laser diode that 
was used to produce lesions rather 
small (25 X 30 X 21 mm), but it was 
cooled by convection and powered 
using standard voltage and current. 
Since the input power required by the 
diode is modest, on the order of 1 W, 
the system could also be powered by 
rechargeable nickel-cadmium batter- 
ies, making it fully portable. Such a 
portable endophotocoagulator would 
be of particular value in locations 
where it is difficult or impossible to 
meet the power and water require- 
ments for argon laser endophotoco- 
agulators (eg, underdeveloped regions 
of the world). The continuous-wave 
Nd-Y AG laser is also a possible alter- 
native source for endophotocoagula- 
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tion; however, the prototype yiii 
that has been described used water 
cooling.® 

The prototype system that we 
employed in this study has demon- 
strated that it is feasible to use semi- 
conductor diode lasers for ophthalmic 
photocoagulation. Although the ther- 
apeutic potential of diode lasers has. 
been suggested in the past,* we 
believe that this report is the first in 
which a therapeutically useful lesion 
was produced using a diode laser. 
Semiconductor diode laser technology 
is rapidly advancing.” Diode lasers 
emitting greater than 2.5 W CW have 


already been demonstrated in the lab- - 
oratory, and it has been stated that 


commercial development of such 
devices is under way." While no 
attempt was made to minimize the 
size of the power supply-laser diode 
package used in these experiments, 
the system is already portable and. 
requires only standard 110-V AC line 
voltage. 

These experiments were limited to 
endophotocoagulation, as a low-loss 
optical system for delivering the diode 
laser radiation via a slit lamp was not 


available. Further research into the | 
application of even more powerful 
laser arrays 
(500 mW to 1 W) to endophotocoagu- - 
lation is under way. As the output - 
power of available laser diodes in- — 


semiconductor diode 


creases, an ophthalmic semiconduc- | 
tor laser system for transpupillary 


photocoagulation may also become 


feasible. 
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Sporadic reports have been received indicating that Healon® may 
become "cloudy" or form a slight precipitate following instillation 
into the eye. The clinical significance of these reports, if any is not 
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of pre-existing glaucoma, compromised outflow, and by operative 
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case, the following precautions are recommended: 


— Don't overfill the eye chambers with Healon* (except in glau- 


coma surgery—see Application section). 
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tion section). 


— Carefully monitor intraocular pressure, especially during the 
immediate postoperative period. If significant rises are ob- 


served, treat with appropriate therapy. 


Care should be taken to avoid trapping air bubbles behind 
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Because Healon® is a highly purified fraction extracted from 
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__ Because of reports of an occasional release of minute rubber 
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terior segment of the eye, instilla- 
n® serves to maintain a deep anterior chamber 
during surgery, allowing for efficient manipulation with less 
trauma to the corneal endothelium and other surrounding tissues. 


Furthermore, its viscoelasticity helps to push back the vitreous 
face and prevent formation ofa postoperative flat chamber. 


In posterior segment surgery Healon® serves as a surgical aid to 
gently separate, maneuver and hold tissues. Healon® creates a 
clear field of vision thereby facilitating intra- and postoperative 
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PEDIATRIC 
OPHTHALMOLOGY 


Marshfield Clinic, a multispecialty 
private group practice of 250 phy- 
sicians in Central Wisconsin, is 
seeking a Fellow trained Pediatric 
Ophthalmologist to join its expand- 
ing 8 member Ophthalmology 
Department in a challenging medi- 
cal center referral practice. The 
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Retinal Surgeon, Glaucoma Special- 
ist, Cornea/External Disease/Ocu- 
loplastic Specialist, three General 
Ophthalmologists and two Optome- 
trists. This is primarily a clinical 
position but opportunities for 
teaching and research also exist. 
Please send curriculum vitae to: 
John P. Folz, Director 
Patient Services 
Marshfield Clinic 
Marshfield, WI, 54449 
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Presbyterian-University of Pennsylvania 
Medical Center 


The University of Pennsylvania-School of 
Medicine, Department of Ophthalmology, 
invites applications for a full-time facultv 
position at the rank of Assistant Professor, 
beginning July 1, 1987 or soon thereafter. 


We are seeking a full-time Board-certified 
ophthalmologist who has had post-doctoral 
experience in molecular geneties as wel! as 
clinical fellowship training in medical 
genetics. It is assumed that a laboratory 
effort in molecular genetics willibe 
mounted. In addition, participation in 
resident teaching and patient care is 
expected. 


The University of Pennsylvania ts an equal 
opportunity employer. For each-academic 
position, salary is commensurate with 
experience and qualification. Please submit 
a letter of application together with a 
curriculum vitae and bibliography to: 


Theodore Krupin, M.D. 
Professor and Acting Chairman 
Department of Ophthalmology 
Scheie Eve Institute 
51 North 39th Street 
Philadelphia, PA 19104 





Corneal—Contact Lens Update 1987 


April 10-12, 1987 
Radisson Plaza Hotel, Lexington, Kentucky 


Sponsored by: 
Department of Ophthalmology 
Office of Continuing Medical Education 


College of Medicine 
University of Kentucky 


For further information contact: 
E. Scott Donovan, Assistant Director 
Office of Continuing Medical Education 
129 College of Medicine Office Building 
Lexington, Kentucky 40536-0086 
Telephone: (606) 233-5163. 














Cortinuing Medical Education 





Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
montisy as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accreeited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities 
for inelusion in the list free of charge. The list contains such basic information on CME 
afferirgs as title of CME activity, sponsor, topic, dates and place where activity will occur, 
and number of hours of instruction. The number of CME category 1 credits will be listed 







etailed information. 


CALIFORNIA 


* Visions in Ophthalmol 1987 At: La Jolla Date: 
3/20.37 Hrs Instr: 6 Reg Fee: $75 Sponsors: 
Scripps Mem Hosp & Mericos Eye Inst Con- 
tact: Naomi Feldman, Conf Coordinator, 3770 
Tansy St, San Diego 92121; (619)453-6222 


Retina Workshops At: Carmel Valley Dates: 4/ 
2/87 to 4/4/87 Contact: Howard Schatz, MD, 
390 Eaure! St, San Francisco 94118; (415)921- 
4860 


Seventh Ann Mtg of Am Soc for Laser Med & 
Surg At: San Francisco Dates: 4/11/87 to 
4/137 Contact Am Soc for Laser Med & 
Surgdnc, 813 Second St, Suite 200, Wausau, WI 
04407; (715)845-9283 


Basic Science Course in Ophthalmol At: Stan- 
ford Dates: 7/1/87 to 9/4/87 Reg Fee: $1300 
Sporsors: Univ of California-Davis, Pacific 
Presbyterian Med Ctr, Univ of California-San 
Francisco, Stanford Univ Contact: J. W. Bett- 
man, MD, Div of Ophthalmol, A-157, Stanford 
Med Ctr, Stanford 94305 


wherever possible. Readers are encouraged to contact the accredited sponsor for more 


DISTRICT OF COLUMBIA 


World Congress on the Cornea Ill Mayflower 
Hotel Dates: 4/26/87 to 5/1/87 Reg Fee: $350, 
limited to 500 persons Sponsor: Castroviejo 
Society Contact: Thomas M. Driscoll Inc (res- 
ervations & deposits), Conf Management, 520 
N Capitol St NW 20001 


FLORIDA 


Clin Vision Res: Epidemiologic & Biostatistical 
Approaches At: Longboat Key Dates: 4/29/87 
to 5/2/87 Hrs Instr: 24 Reg Fee: $650 Sponsor: 
Natl Eye Inst Contact: C. M. Beinhauer, Conf 
Management Assoc Ine, 127 Brook Hollow, 
Hanover, NH 03755; (603)643-2325 


Internati Soc for the Electrophysiology of Vision 
(ISCEV) Symp At: Sarasota Dates: 4/26/87 to 
4/30/87 Contact: William Biersdorf, MD, Dept 
of Ophthalmol, Univ of South Florida, 13000 N 
30th St, Tampa 33618, or William W. Dawson, 
MD, Dept of Ophthalmol, Univ of Florida, Box 
J-284 JHMHC, Gainesville 32610 





ILLINOIS 

Eyes on Chicago: Thirty-ninth Clin Conf of Chi- 
cago Ophthalmol Soc At: Chicago Dates: 5/ 
21/87 to 5/22/87 Hrs Instr: CME credit avail- 
able Reg Fee: $300 nonmembers, $250 mem- 
bers, $25 residents Contact: Carolyn S. Jack- 
son, Conf Coordinator, Chicago Ophthalmol 
Soc, 515 N Dearborn St, Chicago 60610; 
(312)670-2583 

KENTUCKY 

Corneal/Contact Lens Update 1987 At: Lering- 
ton Dates: 4/10/87 to 4/12/87 Sponsor: Dept of 
Ophthalmol, Univ of Kentucky Contact: E. 
Scott Donovan, Asst Dir, Office of CME, 129 
Coll of Med Office Bldg, Lexington 40536-0086; 
(606) 233-5163 

MARYLAND 

Third Ann Univ of Maryland Contact Lens Symp 
At: Baltimore Dates: 3/19/87 to 3/21/87 
Course Dir: Barry M. Weiner, OD Contact: 
Prgm of CME, Univ of Maryland Sch of Med, 
10 S Pine St, Baltimore 21201; (301)528-3956 


Ophthalmic Nursing Sem Update 1987 At: Balti- 
more Date: 4/24/87 Hrs Instr: CME credit 
available Reg Fee: $65 Sponsor: Dept of Nurs- 
ing, The Wilmer Inst Contact: Pamela E. 
Macedonia, Office of CME, The Johns Hopkins 
Med Inst, Turner 22, 720 Rutland Ave, Balti- 
more 21205; (301)955-6085 


Retinal Vascular Center's Clin Trials & the Pract 
of Ophthalmol At: Baltimore Date: 5/22/87 Hrs 
Instr: 8 Reg Fee: $190 practicing phys, $100 
residents & fellows Course Dir: Stuart L. Fine, 
MD Contact: Prgm Coerdinator, Office of 
CME, The Johns Hopkins Med Inst, Turner 22, 


120 Rutland Ave, Baltimore 21205; (301)955- . 


6046 
MASSACHUSETTS 
Sixteenth Ann Course in Pract Aspects of Pho- 
tocoagulation At: Boston Dates: 3/19/87 to 


(Continued on p 433.) 


UVEITIS UPDATE—1987 


LENOX HILL HOSPITAL 
Department of Ophthalmology 


New York City, New York 


April 2nd & 3rd, 1987 


Since our last Uveitis Update in 1983, a geometric expansion of information has occurred. 

New understanding in the pathogenesis, improved diagnostics, but especially innovative 

T approaches to the medical and surgical management of uveitis have moved center stage. 
! Clinical applications of these recent advances will be presented by an outstanding panel. 


A partial list of the topics to be covered: 


Role of S-Antigen in Uveitis 
Cyclosporine Update 

IOL's and Post-Operative Inflammation 
Indications for IOL's in Uveitis 


Immunology in Uveitis 


Robert S. Coles, M.D. 
William J. Dinning, M.D. 
Alan H. Friedman, M.D. 
Henry J. Kaplan, M.D. 
Maurice H. Luntz, M.D. 


TUITION: $350.00 
CME CREDITS: 16 Category I 


i dad bide ed 


Panel: 


Bromocriptine 
Lensectomy/Vitrectomy 
Uveal Syndromes 
Treatment Modalities 


Robert A. Nozik, M.D. 
Robert B. Nussenblatt, M.D. 
Alan Palestine, M.D. 

Ronald E. Smith, M.D. 
Jeffrey L. Willig, M.D. 


Residents: $100.00 


Contact: Lori Dioszeghy 


(212) 439-2385 
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CHRISTIAN OPHTHALMOLOGY SOCIETY 


ELEVENTH ANNUAL MEETING 
June 11-14, 1987 
Ommi International Hotel 
Norfolk-Virginia Beach, Virginia 


Hebrews 10.25 Proverbs 9.10 


Doctor, we believe you and your family will really enjoy the eleventh annual Christian Ophthalmology 
Meeting to be held in Ommi International Hotel. This will feature quality scientific presentations as well as 
spiritual talks presented by practicing ophthalmologists. Scientific faculty for this meeting includes: 


John G. Clarkson, M.D. Lasers in Ophthalmology 

John A. Costin, M.D. Ophthalmic Surgery 

Forrest D. Ellis, M.D. Pediatric Ophthalmology Update 
Bradley K. Farris, M.D. Neuro-imaging 

William T. Humphrey, M.D. Vitrectomy & Diabetic Retinopathy 
John P. Shock, M.D. Intraocular Foreign Bodies 

J. Lawton Smith, M.D. Optic Nerve Update 1987 

Scheffer C. G. Tseng, M.D. Ocular Surface Disorders 

Thomas O. Wood, M.D. Chronic Ocular Irritation Syndromes 


The Christian Ophthalmology Society is an international group of eye surgeons featuring an annual meeting with scientific papers 
as well as spiritual presentations. Goals of this society include: (1) to develop unity and friendship among ophthalmologists; (2) to 
encourage medical students, house officers, and fellows; (3) to support physicians’ faith in Christ regardless of denominational 
background; (4) to have meetings with emphasis on the family so that all family members will feel at home and enjoy the 
surroundings; (5) to develop new professional acquaintances and get to know the families of colleagues; (6) to cooperate-with and 
pray for missionary ophthalmologists. Special facilities are available for children and good Bible teaching and sharing meetings are 
held for spouses. 


Registration for practitioners is $150.00 per family. Medical students, residents, fellows and medical missioners can come for 
$25.00. Make checks to ACOM and mail to Christian Ophthalmology Meeting, c/o Dr. William T. Humphrey, 905 Redgate Ave., 
Norfolk, Virginia 23505. 


FURTHER INFORMATION CAN BE OBTAINED BY CONTACTING: WILLIAM T. HUMPHREY, M.D., ARRANGEMENTS 
CHAIRMAN, 905 REDGATE AVE., NORFOLK, VIRGINIA 23505. 


A special invitation is extended to medical students, house officers, and fellows. A limited number of grants of 
$300.00 each are provided along with waiving of registration fees, and this also extends to medical missionaries or 
anyone in need. To apply for such a grant, write: Walter T. Parkerson, M.D. Treasurer, Christian Ophthaimology 
Society, Suite 404, 225 Hawthorne Lane, Charlotte, N.C. 28204. 
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"7 Hrs Instr: 16 (cat 1) Reg Fee: $450 full 
e, $250 didatie session only Sponsors: 
Research Inst of Retina Found & Postgrad 
d Inst Contact: J. Wallace McMeel, MD, c/o 
' Cerone, 100 Charles River Plaza, Boston 
2114: (617)523- 7810 


MICHIGAN 


th Ann Alumni Mtg At: Detroit Dates: 5/29/87 
5/20/81 Hrs Instr: Cat 1 CME credit Reg 
ee: 120 Sponsor: Dept of Ophthalmol, Hen- 
y Ferd Hospital Contact: David D. Bogorad, 
D, er Leslie J. Fisher, PhD, Prgm Dir, Dept 
f Ophthalmol, Henry Ford Hospital, Detroit 
18202 (313)876-2052 


MINNESOTA 


.urrent Concepts in Pediatric Ophthalmol & 
Strabismus At: Minneapolis Dates: 4/6/87 to 
4/7/87 Contact Audrey Chan, Registrar, 
CME. Univ of Minnesota Med Sch, Box 202, 
Univ əf Minnesota Health Ctr, 420 Delaware St 
SE, Minneapolis 55455; (612) 626-5525 


NEVADA 


Am Soe of Contemporary Ophthalmol At: Las 
Vegas Dates: 3/15/87 to 3/20/87 Contact: John 
G. Bellows, MD, PhD, 211 E Chicago Ave, Suite 
1044, Chieago, IL 60611; (312)787-3335 


NEW YORK 


Degenerative Diseases of the Retina: Diagnosis, 
Progmosis & Treatment At: New York Date: 
3/21/87 Contact: Martha Klapp, Manhattan 
Eye, Zar, & Throat Hosp, 210 64th St, New 
York 10021; (212)605-3762 


Uveitis Jpdate 1987 At: New York Dates: 4/2/87 
to 4/ /8' Hrs Instr: 16 (cat 1) Reg Fee: $350 
practicing phys, $100 residents Sponsor: 
Lenox Hill Hosp Contact: Betty C. Agree, Asst 


Dir, Dept of Public Relations, Lenox Hill Hosp, 
131 E 76th St, New York; (212) 439-2385 


Basic Microsurgery At: New York Date: 4/4/87 
Contact: Martha Klapp, Manhattan Eye, Ear, 
& Throat Hosp, 210 E 64th St, New York 10021; 
(212)605-3762 


Vitrectomy in Anterior & Posterior Segment 
Surg At: New York Date: 5/9/87 Speaker: 
Steve Charles, MD Contact: David B. Karlin, 
MD, Course Dir, Manhattan Eye, Ear & Throat 
Hosp, 210 E 64th St, New York (212)744-0020 


Surg & Med Decision Making 1987 At: New York 
Date: 5/29/87 Hrs Instr: 8 (cat 1) Reg Fee: $200 
practicing phys, $75 residents Sponsor: New 
York Eye & Ear Infirmary Contact: Jane 
Stark, Conf Coordinator, New York Eye & Ear 
Infirmary, 310 E 14th St, New York 10003; 
(212)598-1430, 598-1313 


Quantitative A- & B-Scan Ultrasonography and 
Diagnostic Imaging of the Eye & Orbit At: New 
York Dates: 6/4/87 to 6/5/87 Hrs Instr: 14 (cat 
1) Reg Fee: $300 practicing phys, $200 resi- 
dents, fellows, & tech (with verification) Spon- 
sor: Dept of Ophthalmol, Cornell Univ Med 
Sch Contact: Mary P. Whelan, Course Coordi- 
nator, USG 87, 525 E 68th St, New York 10021; 
(212)472-4540 


Albert C. Snell Mem Lect At: Rochester Dates: 
4/10/87 to 4/11/87 Speaker: Peter R. Laibson, 
MD Contact: Office of CME, Univ of Rochester 
Med Ctr, 601 Elmwood Ave, Box 677, Roches- 
ter; (716)275-4392 


NORTH CAROLINA 


North Carolina Clin Neuro-Ophthalmol Rev At: 
Chapel Hill Date: 4/9/87 Hrs Instr: 3 Reg Fee: 
None Contact: Baird S. Grimson, MD, Univ of 
North Carolina at Chapel Hill, 617 Clin Sci 
Bldg, 229H, Chapel Hill 27514 


Adv Vitreous Surg Course V At: Durham Dates: 
4/9/87 to 4/11/87 Contact: Carol Vilas, Duke 
Eye Ctr, Box 3802, Durham 27710; (919)684- 
6743 


OKLAHOMA 


Optic Nerve Course At: Oklahoma City Dates: 
3/26/87 to 3/27/87 Reg Fee: $150 Contact: 
Bradley K. Farris, MD, Dept of Ophthalmol, 
Dean A. McGee Eye Inst, 608 Stanton L. 
Young, Oklahoma City; (405)271-6463 


PENNSYLVANIA 


Retina & Vitreous Surg Update At: Philadelphia 
Date: 3/21/87 Hrs Instr: 4 Reg Fee: None 
Contact: Carole Kanoff, Conf Coordinator, 
Dept of Ophthalmol, Univ of Pennsylvania, 
Scheie Eye Inst, 51 N 39th St, Philadelphia 
19104; (215)662-8677 


Clin & Basic Sci Rev in Ophthalmol At: Philadel- 
phia Dates: 3/31/87 to 4/4/87 Hrs Instr: 41 Reg 
Fee: $450 Contact: Office of CME, Sch of 
Med/G-3, Univ of Pennsylvania, Philadelphia 
19104; (215)898-8005 


Thirty-ninth Ann Conf of Wills Eye Hosp At: 
Philadelphia Dates: 4/2/87 to 4/4/87 Hrs Instr: 
16 (cat 1) Reg Fee: $300 practicing phys, $100 
retired phys, $75 residents & fellows Sponsor: 
Wills Eye Hosp Soc of Ex-Residents Contact: 
Jeanne L. Kiska, Mtg Manager, 1621 Norris- 
town Rd, Maple Glen 19002; (215)322-8950 


Twelfth Ann Ophthalmol Rev Course At: Phila- 
delphia Dates: 4/5/87 to 4/9/87 Hrs Instr: 41 
(cat 1) Reg Fee: $500 practicing phys, $250 
residents & fellows Course Dir: Peter J. Savino, 
MD Contact: Lucia M. Manes, CME, Wills Eye 
Hosp, Ninth & Walnut Streets, Philadelphia 
19107; (215)928-3378 

(Continued on p 485.) 


BASIC SCIENCE COURSE IN OPHTHALMOLOGY 


AT STANFORD 


July 1 through September 4, 1987 


Held in conjunction with the Northern California Universities: 


University of California, Davis 
Pacific Presbyterian Medical Center 
University of California, San Francisco 


Stanford University 


Sections include Anatomy, Microbiology and External Disease, Pathology, Physiology and 
Biochemistry, Embryology and Genetics, Motility, Glaucoma, Pharmacology, Neuro-ophthal- 
mology, Fluorescein Angiography, Optics and Theory of Refraction, and other important 


shorter subjects. 


7 instructors include Doctors C. Beard, B. Crawford, C. Dawson, S. Day, R. Dryden, P. Egbert, A. 
Flach, D. Guyton, M. Hall, J. Hetherington, Jr., A. Jampolsky, J. Keltner, M. Mannis, M. 
Marmor, H. Schatz, W. Scott, W. Spencer, and many others on the faculty of 70. 


Ke Tuition is $1300. For further information and application forms, please write to J.W. 


Bettman, M.D., Division of Ophthalmology, A-157, Stanford Medical Center, Stanford, 


California 94305. 


ar 


SIXTIETH ANNUAL 
NEW YORK EYE AND EAR INFIRMARY 
CLINICAL CONFERENCE 
“SURGICAL AND MEDICAL 
DECISION MAKING—1987” 
SPONSORED BY THE NEW YORK 
EYE AND EAR INFIRMARY STAFF 
AND ALUMNI AND 
THE POST GRADUATE INSTITUTE 
MAY 29, 1987 
GRAND HYATT HOTEL 
NEW YORK CITY 


it HS 38 Hs 


PROGRAM CHAIRMEN 
ROBERT DELLA ROCCA, M.D. 
SOLOMON LIEBOWITZ, M.D. 


TOPICS 
GLAUCOMA 
"WHERE TO INTERVENE” 


CATARACT 
“MANAGEMENT OF 
SURGICAL COMPLICATIONS” 


CORNEA 
“MANAGEMENT DECISIONS 
IN CORNEAL DISEASE” 


APPLICATION OF NEW TECHNOLOGY 
IN CLINICAL PRACTICE 


mi iS HS He 


CME Credits, Category 1: 8 


Registration fee: $200.00 (Luncheons and cocktail 
reception included). Residents: $75.00 (Luncheons and 
cocktail reception included). 


For brochure and additional information, please write: 


Jane Stark, Conference Coordinator 
New York Eye and Ear Infirmary 
310 East Fourteenth Street 
New York, New York 10003 
Tel. (212) 598-1430 or 598-1313 









The 
| West Virginia We 
Academy of 
Ames /N ML 


40th Annual 


NATIONAL SPRING MEETING 


at 


THE 


APRIL 26-29, 1987 


GUEST SPEAKERS | 


ROBERT C. ALLEN, M.D. 
Charlottesville, VA 


ROBERT E. FENZL, M.D. 
Irvine, CA 


PHILIP A. SHELTON, M.D., J.D. 
West Hartford, CT 


TOPICS: Glaucoma, Radial Keratotomy, Dry 
Eye Syndrome, Cataracts/lOLs, Medical/Legal 
Problems in Ophthalmology. 


CREDIT: 16 Hours CME Credit 
AMA Credit Category | 


REGISTRATION 





Members: $100 
Non-Members: $225 
Exhibitors: $450 


(fully equipped 10’x10’ space available) 


Advance Registration Required 
(refundable through 3/9/87) 


Make checks payable to: 


The West Virginia Academy of Ophthalmology 
c/o Samuel A. Strickland, M.D. 
Secretary-Treasurer 

P.O. Box 3107 

Charleston, WV 25331 

(304) 345-4136 


Room Reservations: Contact Directly 
The Greenbrier 
White Sulphur Springs 
West Virginia 24986 
(304) 536-1110 | 


Reservation forms sent to all registrants 
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ics in Ophthalmol At: Philadelphia 
s: 5/13/87 to 5/15/87 Hrs Instr: 15 Reg 
$250 Contact: Carole Kanoff, Conf Coor- 
tor, Dept of Ophthalmol, Scheie Eye Inst, 
iv of Pennsylvania, 51 N 39th St, Philadel- 
— 4a 19104; (215)662-8677 


TENNESSEE 


of Tennessee Residents-Alumni Day At: 
phis Date: 3/27/87 Reg Fee: None Con- 
t: Roger L. Hiatt, MD, Dept of Ophthalmol, 
iv of Tennessee, 956 Court Ave, Memphis 
103 











phis Eye Convention Peabody Hotel At: 
emphis Dates: 3/28/87 to 3/29/87 Sponsor: 
emphis Soc of Ophthalmol Contact: Thomas 
; Gettelfinger, MD, Dir, Memphis Eye Con- 
vention. 6485 Poplar Ave, Memphis 38119; 
.901)767-3937 


TEXAS 


wallas Spring Ophthalmol Symp At: Dallas 
Dates: 1/3/87 to 4/4/87 Reg Fee: $275 ($250 
before 3/1/87) practicing phys, $75 residents 
(with verification) Contact: Lela Brecken- 
ridge ace of CME, Presbyterian Hosp of 
D^" ., 8200 Walnut Hill Lane, Dallas 75231; 
4414)6985-BA55 


lin Adv in Ophthalmol for the Practicing Oph- 
thaimoiogist At: Houston Dates: 3/20/81 to 
3/29/87 Hrs Instr: 10 Contact: Vicki. Forgac, 
Prgm €oordinator, Office of CME, Baylor Coll 
of Med, One Baylor Plaza, Houston 77030; 
(713)799-6020 


UTAH 


Aniv of Utah’s Ann Clin Conf At: Salt Lake City 
Yate: 3/27/87 Contact: Rebekah McClure, 
Jept of Ophthalmol, Univ of Utah Med Ctr, 50 


N Medical Dr, Salt Lake City 84132; (801)581- 
6384 


VERMONT 


Oculo-Plastic Surg for the Practicing Ophthal- 
mologist At: Killington Dates: 3/20/87 to 3/ 
29/87 Hrs Instr: 12 (cat 1) Reg Fee: $200 
practicing phys, $100 residents & fellows Spon- 
sor: Wills Eye Hosp Oculo-Plastie Serv Con- 
tact: Lucia M. Manes, Conf Coordinator, Dept 
of CME, Wills Eye Hosp, Ninth & Walnut 
Streets, Philadelphia, PA 19107; (215) 928- 
3378 


VIRGINIA 


Eleventh Ann Mtg of Christian Ophthalmol Soc 
At: Norfolk-Virginia Beach Dates: 6/11/87 to 
6/14/87 Hrs Instr: 5 (cat 1) Reg Fee: $150 
practicing phys, $25 residents, med students, & 
med missioners Contact: William T. Hum- 
phrey, MD, Arrangements Chairman, 905 Red- 
gate Ave, Norfolk 23505 


Ann Mtg of the Virginia Soc of Ophthalmol At: 
Tysons Corner Dates: 5/14/87 to 5/17/87 
Speakers: Thom J. Zimmerman, MD, A. Rob- 
ert Bellows, MD, K. Buol Heslin, MD, Richard 
L. Lindstrom, MD Course Dir: Michael Lemp, 
MD Contact: Donna Strawderman, 4205 Dover 
Rd, Richmond 23221; (804)353-2721 


Ophthalmol Plastic Surg, Orbital Disease, & Neu- 
ro-Ophthalmol At: Williamsburg Dates: 4/3/87 
to 4/5/87 Sponsor: Dept of Ophthalmol & 
Office of CME, Med Coll of Virginia Contact: 
Kay Parrott, Conf Coordinator, Box 48, MCV 
Station, Richmond 23298; (804)786-0494 


WASHINGTON 
Pacific Coast Oto-Ophthalmol Soc Ann Mtg At: 


Seattle Dates: 6/28/87 to 7/2/87 Papers: 
Manuscripts for PCOOS Otolaryngol Res 


Award ($500) received by 4/1/87 Contact: 
Mireya A. Jones, PCOOS Manager, 1613 Chel- 
sea Rd, Suite 229, San Marino, CA 91108; 
(818)799-8610 


WEST VIRGINIA 


West Virginia Acad of Ophthalmol Natl Ann Mtg 
At: White Sulphur Springs Dates: 4/26/87 to 
4/29/81 Hrs Instr: 16 (cat 1) Reg Fee: $100 
members, $225 nonmembers, $450 exhibitors 
Contact: Samuel A. Strickland, MD, West Vir- 
ginia Acad of Ophthalmol PO Box 3107, 
Charleston 25331; (304)345-4136 


WISCONSIN 


Eleventh Ann Ophthalmol Current Concepts 
Sem 1987 At: Madison Dates: 4/2/87 to 4/4/81 
Hrs Instr: 18 (cat 1) Course Dir: George H. 
Bresnick, MD Contact: Sarah Aslakson, Univ 
of Wisconsin CME, Rm 465, 610 Walnut St, 
Madison 53705; (608)263-2856 


FOREIGN 


Congress on Neonatal Ophthalmol At: Cairo, 
Egypt Dates: 3/25/87 to 3/28/87 Reg Fee: $300 
Sponsors: Internat] Soc on Metabolic Eye Dis- 
ease & The Egyptian Ophthalmol Soe Contact: 
Heskel M. Haddad, MD, Prgm Chairman, 1125 
Park Ave, New York, NY 10128; (212)427-1246 


internati Cataract, Implant, & Microsurgical Mtg 
At: Singapore Dates: 6/13/81 to 6/15/87 Con- 
tact: Arthur S. M. Lim, MD, 3 Mt Elizabeth 
#0605-0608, Mt Elizabeth Med Ctr, Singapore 
0922 


Moorfields Pract Course in Macular Disorders 
At: Arosa, Switzerland Dates: 3/15/87 to 3/ 
20/87 Sponsors: Inst of Ophthalmol & Moor- 
fields Eye Hosp Contact: Dean's Office, Inst of 
Ophthalmol, 17/25 Cayton St, London, 
England EC1V 9AT; 01-387-9621, ext 69 


University of Wisconsin 
11th Annual Ophthalmology 


April 2-4, 1987 ° 


Featuring on April 3: 


Course Director: 


Guest Lecturers: 





Lloyd M. Aiello, M.D., Harvard Me 


A Day of Retina, 


Professor and Past Chairman, Department of Op 
George H. Bresnick, M.D., 

Speakers include faculty from University of Wisconsin School of Medicine, 
Department of Ophthalmology, and... 


Concourse Hotel ° 


Thomas M. Aaberg, M.D., Medical College of Wisconsin 


Richard F. Brubaker, M.D., Mayo Medical School 


Frederick L. Ferris III, M.D., National Eye Institute, 


Scott MacRae, M.D., University of Oregon 
Malcolm L. Mazow, M.D., University of Texas, Medical School of Houston 
Arnall Patz, M.D., Wilmer Institute, Johns Hopkins School of Medicine 
Jay Prensky, M.D., Hershey Medical Center 
Robert C. Watzke, M.D., University of Oregon 


18 hours AMA Category I credit 

For Further Information, contact: 
Sarah Aslakson, University of Wisconsin CME 
Room 465, 610 Walnut Street, Madison, WI 53705 (608) 263-2856 


CURRENT CONCEPTS SEMINAR '87 
Madison, Wisconsin 


Dedicated to Matthew D. Davis, M.D. 
hthalmology, University of Wisconsin 


dical School, Joslin Diabetes Clinic 


National Institute of Health 
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QUANTITATIVE A-and B-SCAN 
ULTRASONOGRAPHY 
and 
DIAGNOSTIC IMAGING 
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Department of Ophthalmology CHCAGO OPHTHALMOLOGICAL SOCETY 
Cornell University Medical School 
Pape 39TH CLINICAL CONFERENCE 


MAY 21-22,1987 - PALMER HOUSE - CHICAGO 
ter a = no iaia 
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June 4th and 5th, 1987 


e Seminars * Social Events 


15th ANNUAL COURSE * Large Exhibitors Display 
Featured Speakers and Specialties 
under the direction of David J. Apple, M.D. Lee T. Nordan, M.D. 
D. JACKSON COLEMAN, MD Salt Lake City, Utah Carlsbad, California 
(Pathology) (Corneas) 
Ronald M. Burde, M.D. Michael F. Roizen, M.D. 
SN: "m St. Louis, Missouri Chicago, Illinois 
xut FACULTY: GUEST FACULTY: (Neuro-Ophthalmology) (Anesthesiology) 





* Stanley Chang, MD *  * Louise A. Berlin, RDMS John T. Flynn, M.D. Howard Schatz, M.D. 
* Frederic L. Lizzi, EngScD * + Richard D. Binkhorst, MD Miami, Florida San Francisco, California 
* Mark J. Rondeau : * Barrett G. Haik, MD (Pediatric Ophthalmology) (Retina) 
* Leslie Saint Louis, MD « * Mary E. Smith, RDMS Malcolm A. McCannell, M.D. Shirley H. Wray, M.D. 
2 : Minneapolis, Minnesota Boston, Massachusetts 
Ronald H. Silverman, PhD + (Cataracts) (Neuro-Ophthalmology) 
* Mary P. Whalen $ 
* and 
E The 43rd Gifford Memorial! Lecturer 
> - Stephen M. Drance, M.D. 
CME: This program has applied for 14 hours Category | AMA VbricUver British Colombia 
credit * (Glaucoma) 
x 
^ Registration Fees Special Palmer House Hotel 
* room rates available 
FEE: e LOCATION: The course will begin Non-Member: $300 ! 
Member: $250 through the Society. 
$300 Physician *  atthe Uris Auditorium Resid " $ 25 
$200 Residents, Fellows * Cornell University Medical College acia ii CME Credit Available 
and Technicians* « 1300 York Avenue 
Conference Chairman President 
* FOR INFORMATION CONTACT: Chicago Ophthalmological Society 
N Mary P. Whalen F inf ti w 
. ’ or more intormation contact: 
|j] s Course Coordinator, USG 87 
fe) « — 525 East 68th Street Carolyn S. Jackson 
7 = — NYC, NY 10021 Conference Coordinator 
Chicago Ophthalmological Society 
* 212/472-4540 
" / 515 N. Dearborn St. 
" Chicago, Illinois 60610 


| EG 2 i 312-670-2583 
* (letter of verification from Department Chairman) 


Join us in Chicago 
May 21 & 22, 1987 
for a truly memorable Conference! 
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Model P30RG 





Designed with low haptic compression 
forces. 


Improved centration through consistent 
haptic relaxation. 


Provides ease of insertion with minimal 4 
risk of haptic fracture. 4 


Pace-setting IOLAB technology E 
and precision now define a new 3 
standard in one-piece posterior 
chamber lens design... 
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afohmon company 





is Corporation, Covina, California 91724 
Toll Free: 800 / 423-1871. In Calif.: 800 / 352 - 1891 


TION: investigatona! Device. Limited by 
Federal Law to investigational use. 
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Allergan Pharmaceuticals 
A Division of Allergan, Inc., Irvine, CA.92713 © 1987 Allergan Pharmaceuticals 





